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Report of the Secretary of the 
Smithsonian Institution 

LEONARD CARMICHAEL 
For the Year Ended June 30, 195? 

To the Board of Regents of the Smithsonian Institution: 

G&htumxn: I have the honor to submit a report showing the activ¬ 
ities and condition of the Smithsonian Institution and its branches 
for the fiscal year ended June 30, 1957- 

GENERAL STATEMENT 

The one-lvundrcd-and-eleventh year of the Smithsonian Institu¬ 
tion has been marked by progress in many areas. James Smitlison 
in his will that established the Institution provided that it should bo 
concerned with both the increase and the diffwnori of knowledge 
among men. During the year covered by this report, as in previous 
years, the institution baa been active and successful in research, that 
is, in the increase of knowledge. It has also continued to carry on 
the diffusion of knowledge by publications, lectures, correspondence, 
and above all by museum displays. 

Details of the research activities, publications, and other work of 
the institution are given in later pages. In introducing the report, 
it seems particularly fitting this year to make special reference to 
the museum functions of the Smithsonian. Public exhibitions are 
not part of the assigned functions of all Smithsonian bureaus* The 
following unite, however, do maintain such exhibits: The United 
States National Museum, the National Collection of line Arts, the 
Freer Gallery of Art, the National Air Museum, the National Zoolog¬ 
ical Park, and the National Galleiy of Art* As a group these Smith- 
sonian units care for tho great national collections of the United 
States. Collectively, in number and quality of objects, these units as 
part of the “Smithsonian Museum Complex” constitute one of the 
largest and most distinguished groups of cultural and scientific <s>I- 
lections in the world- All these parts of the Smithsonian arc f dike 
in that they are concerned with the preservation, maintenance and 
restoration, study, and appropriate public display of their collections. 
The National Gallon’ of Art and the Freer Gallery of Art were built 
and given to the Nation by Andrew W. Mellon and Charles Lang 
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Freer, respectively. Both of these galleries admirably provide for the 
specialized work of preservation, restoration, study, and public display 
of their great art treasures. 

The United States National Museum, the National Collection of 
Fine Arts, the National Air Museum, and the National Zoological 
Park all in different ways need added facilities in order to perform 
the functions assigned to them in a manner that is fitting for the 
collect ions of the United States of America. 

Much progress has been made during the year in the work of the 
United States National Museum. Detailed, and iu some respects defin¬ 
itive, planning has been carried on for the new and additional build¬ 
ing for this museum for which a Federal appropriation was made 
Jest year. This building, to be known ns the Museum of History and 
Technology, will be located on the Mall on a plot of land bounded 
on the north, east, and west, respectively, by Constitution Avenue, 
Twelfth Street, and Fourteenth Street. When completed, this new 
structure, housing the Nations collections in the fields of history and 
technology, will be one of the world's fine@t museum buildings. It wil 1 
do much to regain for the United States its proper place in the museum 
world which tliis country has been gradually losing during the past 
half century, The years since the end of the Second World War 
have seen a sharp increase in national museum construction and re¬ 
construction throughout the world. 

The Natural History Building of the United States National Mu¬ 
seum is also almost desperately overcrowded. A quarter of a cen¬ 
tury ago this condition was recognized by the Congress, and new 
wings for this building were authorized. The detailed planning of 
these wings and their construction thus constitute one of the great 
current needs of the Smithsonian, and funds for such planning are 
included in the 1958 Smithsonian appropriation. 

Besides planning for new buildings and additions to existing 
buildings, the Smithsonian was active during this year in the recon¬ 
ditioning and renovation of its buildings. Some of the old build¬ 
ings of the Institution had fallen into real disrepair. This year 
wooden sash of the Smithsonian Building was renewed, extern al 
painting carried on, and much needed repairs to the plumbing, elec¬ 
trical and heating service were made in this and other buildings. 

The program of modernizing the public displays of the Institution 
explained in previous reports was continued this year. Notable new 
halls shotting life in early America, power machinery, mammals of 
North America, and the history of the telephone were opened. The 
interest created by there new and truly educational halls is reflected 
m a large increase m attendance. 
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The staff of the National Collection of Fine Arts improved, details 
of the exhibits of this important unit in our Nation's provision for 
the preservation, study, and display of works of art. It becomes 
more certain each year, however, that the really great collection of 
American paintings and the decorative arts which is served by this 
bureau can never be adequately dealt with until it has a satisfactory 
building of its own. Its present borrowed space in the Natural His¬ 
tory Building is both inadequate and inappropriate. The greatest 
paintings of American artists and examples of outstanding Renais- 
sauce jewelry should not be displayed next door to dinosaur bones and 
totem poles. 

The National Air Museum has also added many significant items 
to its great collections this year. A new building for this world- 
famous and peculiarly American collection is now most urgently 
needed, 

Progress in the collections and in the physical facilities of the 
National Zoological Park was also made during the year. It is still 
true, however, that this great collection of animals ia far from ade¬ 
quately housed. It is certainly important that as soon as possible the 
outmoded w r ooden buildings at the Zoological Park be replaced by 
modern and appropriate structures. The National Zoological Park 
each year is visited by Americans from every State and by many for¬ 
eign guests. In attendance and scope of its collections it is one of 
the foremost zoos of the world, but in spite of some recent improve¬ 
ments in its facilities, it is still far behind many modern zoological 
parks in the adequacy of its display techniques- 

Dr, Minn Retires 

Dr. William At Mann* who served for 31 years as Director of the 
National Zoological Park, retired on October 31, 1956, having reached 
the statutory retirement age of 70* Dr. Mann was the fifth director 
of the National Zoological Park since it was established by Secretary 
Langley in 1SS9. Under his direction the Wellington Zoo became 
one of the best and most representative collections of living animals 
in thfl world. The physical equipnient of the Zoo also steadily un¬ 
proved, and during Dr + ManiVs administration four modem exhibi¬ 
tion buildings were added. Today the National Zoological I ark is 
not only a scientific and educational center hut also one of the 

Capital^ prime tourist attractions. 

For the Zoo, Dr. Mann made trips to many foreign lands to obtain 
live animals for the collection. For example, in 1920 he headed the 
Smithsonian-Chrysler Expedition to East Africa, in 193 1 a ationa 
Geographic Society Expedition to the East Indies, and in 1J40 the 
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SmilJisoman-FIrestone Expedition to Liberia. He was particularly 
successful in obtaining rare species never before exhibited, and 
through his many associations with zoologists, animal collectors, deal¬ 
ers, circuses, and other zoos the world over lie maintained the 
National Zoological Park at a high level* 

Dr, Mann continues his association with the Smithsonian in the 
capacity of Honorary Research Associate. Dr. Theodore H. Reed, 
of Portland, Oreg,, chief veterinarian of the Zoo since July 1955, 
was named Acting Director of the National Zoological Park on 
November 1,1956. 

THE ESTABLISHMENT 

The Smithsonian Institution was created by act of Congress in 
lS4fij in accordance with the terms of the will of Janies Smithson, of 
England, who in 1820 bequeathed his property to the United States 
of America “to found at Washington, under the name of the Smith¬ 
sonian Institution, an establishment for the increase and diffusion of 
knowledge among mem” In receiving the property and accepting 
the trust, Congress determined that the Federal Government was 
without authority to administer the trust directly, and, therefore, 
constituted an ^establishment,” whose statutory members are “the 
President, the Vice President, the Chief Justice, and the heads of the 
executive departments.” 

THE BOARD OF REGENTS 

On December 14, 1956, the Institution suffered a deep loss In the 
death of one of its newest Regents, Dr. Evcrette Lee DeGolyer. This 
vacancy in the class of citizen Regents has been filled by the elect ion 
of Dr. John Nicholas Brown, of Providence, R. I. The member¬ 
ship of the Board is now up to full complement, that is, 14 members: 
0 congressional memlwra, 6 citizen members, the Vice President, and 
the Chief Justice of the United States. 

The roll of Regents at the close of tho fiscal year was as follows: 
Chief Justice of the United States Earl Warren, Chancellor; Vice 
President Richard M. Nixon; members from the Senate: Clinton R 
Anderson, erett tons tall, If. A lexander Smith j niembers from 
the House of Representatives: Overton Brooks, Clarence Cannon, 
Jolrn M, Very a; citizen members; John Nicholas Brown, Arthur H. 
Compton, Robert V. Fleming, Crawford H. Greenewdt, Caryl R 
Haskins, and Jerome G + Hunsaker. 

On the evening of January IT, 1957, preceding the annual meeting, 
an informal dinner meeting of the Board wo* held in Hid main hall 
of the Smithsonian Building amid various exhibits showing phases 
of the work being carried on at present. Dr. Waldo L. Schmitt, 
head curator of zoology of the U. & National Museum, gave an nc- 
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count of the Smithsoiuan-BrEdin Belgian Congo Expedition, and 
Georga B. GrilXenhiigen, curator of the division of medicine and public 
health, spoke about the Old World Apothecary Shop, The Secre¬ 
tary gave a brief resum^ of bis trip to Europe in the fall of 1956 to 
visit museums in connection with planning for the new Museum of 
History and Technology. 

The regular annual meeting of the Board was held on January IB, 
1057, The Secretary presented his published annual report on the ac¬ 
tivities of the Institution together with the 1956 Annual Report of 
the United States Kational Museum. Dr. Robert V* I laming, Chair¬ 
man of the Executive and Permanent Committees of the Board, gave 
the financial report for the fiscal year ended June 30,1956* The usual 
resolution was passed authorizing expenditures of the income of the 
Institution for the fiscal year ending June 6Q S 1958. 


finances 

A statement on finances, dealing particularly with Smithsonian pri¬ 
vate funds, will be found in the report of the executive committee of 
the Board of Regents, page 196- 


appropriations 

Funds appropriated to the Institution for its regular operations 
for tho fiscal year ended June SO, 1957, total $4,425,000 obligated as 
follows: 

Minus Hem ont_ — --- ^ ^ 

United States National Museum-— - —- —.- 

Bureau of American fithnolOET --——— 3 —- - p 

National Collection of Fine ArH^ - - --—— — - — ” 

National Air Museum--- - — 3 —— - — ~ 513 

International Exchange Service - - -- -— --- “ - ^ 

Canal Zone Biological Area*. — - - ——-*- - 44^ 3ftl 

Maintenance and operation of buildings - 1 " 

jf|ii _ | _ _. iSTp. OflSt 

Other general aervieefl—— -——- 

Unobligated halonoe. ^ - —-- — 

In addition to the sum of 5^^88,000 appropriated lust year for the 
preparation of plans and specifications for the new . usemm o s 
tory and Technology, the Institution received this year an appropria¬ 
tion of $33,712,000 for the construction of this building- 
Besides these direct appropriations, the Institution receiver un 
by transfer from other Government agencies as follows. 

From tUe District ot Columbia fur the National Zoologies] Park f .-0,000 

From the National Parts Serrlce, Dcpflrtmeut of tte lBEcr or " B jos, W» 

River If » sin Surveys— — - — - -■— v -“ l ' ; 
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VISITORS 

Visitors to the Smithsonian group of buildings during the year 
reached an all-lime high of 4*$41,818, nearly 700,000 more than the 
previous year. April 1057 was the month of largest attendance, with 
726,200; May 1957 second, with 661,857; August 1956 third, with 
660,567. Largest attendance for a single day was 73,141 on May 4, 
1057, the largest number ever so recorded. On the same day 33,964 
visitors came to the Arts and Industries Building alone. Table 1 
gives a summary of the attendance records for the five buildings. 
These figures, when added to the 942.196 visitors recorded at the 
National Gallery of Art and the 3,998,546 estimated at the National 
Zoological Park, make a total number of visitors at the Institution of 
9,762,560. 


Table 1 . — Visitort to rerhrin SmiltfOtttiM TtuiMipiffs during l fir. year ended 

June SO, 1957 
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t MtVm 
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ML <547 
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12 , 501 

+,734 

If B r (151 

JWT 







Jnfttuw?.. 

2i, pei 


5IKS65 

10,7+4 

4,124 

151 r IO 

Fflbnun .... 

m r m 


00.45? 

34. M3 

5,840 

HSL873 

Mantb— r ..„. a .. 

#*.485 

13M17 

01,452 

vl m 

7,™ 

314,134 

Aprn . . . . 

121.2B5 

345, S71 



S 4.+ r ,7 

738.300 

Maj . 

ttXJlJ 

300,^ 


ax 141 

11,301 

m f m 

June-- 

SO, 4!)2 

mwi 

SSO, 725 

RClEtf 

12,330 

SSB.VZZ 

Total__ 

TDl r fl£l 

X125, m 

1,100, 011 

Ste. 473 

112.443 

t.HFiAES 


LECTURES 

In 1931 the Institution received a bequest from James Arthur, of 
Now York City, a part of the income from which was to be used for 
an annual lecture on some aspect of the study of the sun. The twenty- 
fourth Arthur lecture was delivered in the auditorium of the Natural 
History Building on the evening of April 10, 1957, by Dr. Thomas 
Gold, professor of astronomy at Harvard University. This illus¬ 
trated lecture, on the subject “Cosmic Rays from the Sun,” will be 
published in full in the general appendix of the Annual Report of 
tha Board of Regents of the Smithsonian Institution for 1957. 

Prof. George E. Mjlonas, chairman of the Department of Art and 
Archaeology at Washington University, St. Ixiuis, and professor of 
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archaeology at the University of Athens, Greece, delivered a lecture 
on ‘The Grave Circles of Mycenae” in the auditorium of the Natural 
History Building on the evening of February 6, 1957, This lecture 
was sponsored jointly by the Smitlisonian Institution and the Archae¬ 
ological Institute of America. 

Several lectures were also sponsored by the Freer Gallery of Art 
and the National Gallery of Art. These are listed in the reports of 
these bureaus. 


BIO- SCIENCES INFORMATION EXCHANGE 
——- r ■ ' ' - * ■ T- . „ . , 

The calendar year 1956 marked a high peak in the activities of the 
Bio-Sciences Information Exchange. Increased governmental sup¬ 
port of research in the bio-sciences was reflected in the volume of 
research registered; the greater use of the sendees of the Exchange 
is indicative of the growing recognition of its value. 

This agency, operating within the Smithsonian under funds made 
available to the Institution by other governmental agencies, acts as 
a clearingllouse for current research in the life sciences 5 

of on-going research are registered by investigators engaged m bio- 
logical medical, and psychological research and in limited aspects of 
research in the social sciences. Through an extensive system of sub¬ 
ject indexing, these abstracts are provided upon request and without 
charge to researchers in research institutions. Through this simple 
mechanism, the Exchange maintains a communication system which 
precedes publication and prevents unknowing duplication. Foi 
granting agencies and properly constituted committees it prepares 

extensive surveys of research in broad areas. , , , 

The Exchange is growing in scope and in content. Its body of 
information now consists of 14,000 active research projects and its 
use by individual scientists and by committees is increasing 

proportion. SUAmAR¥ 0F TBE YEAR'S ACTIVITIES 

A Tatfond- Mweunk .—The year's accessions to the national collections 
aggregated 64T,T50 specimens, somewhat less than last year, mnging 
tho total catalog entries in all departments to „.j v 

the outstanding items received during the jear _ ’ n _ ' . ,, 

pology, an Egyptian ibis statuette of about lSOO^B. C, a mo co - 
tion of English and American furniture and glass,the v 
store wooden Indian the Museum has over had, and m Mil liable addi¬ 
tions to the Greenwood collection of Americana; » 
collections of mammals of medical importance, a fine lot.of^Rel an 
Congo birds, fishes from many parts of the worW ' « 
tion of nearly 17,000 specimens from the 
more tlian 169,000 specimens of ectoparasites and >■ , 

431fiW>—SB—-2 
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one coUedioiij 27,000 specimens of marine invertebrates from the 
Smithsonian* Bredin Caribbean expedition, and 2*000 Australian mob 
lusks; in botany, an important collection of type specimens from 
Central America, as well as desirable lots of plants from Iran, the 
West Indies, Cuba, Ecuador, Brazil, East Africa, and the Marshall 
Islands; in geology, several Tine gems and mineral specimens, seven 
meteorites new to the collections, several thousand invertebrate fossils, 
and about 100 fossil mammalian specimens collected from the Eocene 
of Wyoming * in engineering and industries, about 20 original instru¬ 
ments relating to ilia histoiy of the telephone, a Robertson milling 
machine of 1852, a full-sized pirogue, an X-ray tube of Roentgen, a 
complete set of hospital-ward fixtures of about 1D00, and examples of 
the graphic art of Whistler, Gauguin, Bonnard, Rouault, Picasso, and 
Matisse; and in history, a Pcnnsylvania reception room of the period 
1785-90, a summer service uniform once worn by President Eisen¬ 
hower, and many desiderata in the fields of philately and 
numismatics. 

Members of the staff conducted fieldwork in Canada, Ecuador, 
Peru, Brazil, Panama, Philippine Islands, Society Islands, Mexico, 
Europe, Bermuda, and many parts of the United States, 

The exhibits-modernization program was successfully continued, 
and three new halls were opened to the public—die Hall of Power 
Machinery, the Ilall of Everyday Life in Early America, and the Hall 
of North American Mammals. A new telephone exhibit also received 
much attention. Seven new exhibit units were installed in the North 
American Indian Hall. 

Bureau of American EthnoIogy.—TYiz staff members continued 
their research and publication in archeology and ethnology: Dr. 
Stirling conducted archeological work in Ecuador, Dr + Roberta con¬ 
tinued as Director of the River Basin Surveys, Br + Collins studied 
anthropological maters als in European museums, and Dr. Sturtevant 
did fieldwork on the Seneca and the Florida Seminole, 

Astrophysieal Observatory*—' The APO continued its researches in 
solar astrophysics as well as its metcoritic studies, adding several 
members to its staff and notably increasing its publication act hi ties. 
Of great current interest is the Observatory's so-called Moon watch 
program—the optical tracking of the earth satellite to be launched as 
a part of the International Geophysical Tear. The division of radia¬ 
tion and organisms continued its research on the role of light in regu¬ 
lating growth in plants. 

National Collection of Fine Art*.—The Smithsonian Art Commis¬ 
sion accepted for the Gallery 62 oil paintings, 2 watercolors, 3 etch* 
mgs, 1 miniature, and 1 vase, and a collection of 59 French and Eng¬ 
lish fans. The Gallery held 15 special exhibits during the year, while 
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the Smithsonian Traveling Exhibition Service circulated 86 exhibi¬ 
tions, 81 in tha United States and 5 abirad. 

Freer Gallery of Jr#.—Purchases for the collections of the t reer 
Gallery included Chinese bronzes, jade, paintings, and potten-; Japa¬ 
nese lacquer work, paintings, and pottery; Persian gold work and 
Persian, Armenian, and Iraq manuscripts; and an Indian (Mughal ) 
painting. The Gallery continued its program of illustrated lectures 
in tlie auditorium by distinguished scholars in Eastern art. Air- 
conditioning of the building was completed during the yean 

National Air Museum .—During the year 1,050 specimens m 33 
separate accessions were added to the aeronautical collections, includ¬ 
ing a Hell VTOL aircraft with S jet engines, valuable material per 
taming to planes of the Wright brothers, several firm scale models, 
and a large and historically valuable collection of instruments. 

National Zoological Park.— The Zoo accessioned 1,851 individual 
animals during tlie year, and 2,965 were removed by death, exchange, 
or return to depositors. The net count at the close of t a }ear wiib 
3,157. Noteworthy among the additions were a pair of while 
rhinoceroses, an African elephant, a young Asiatic elephant, a pair 
of okapis, a pair of snow leopards, a very rare Colombian red-eyed 
cowbird, and prized Pacific sea snakes. Visitors totaled almost 4 

m tZ Zone Biological Area .-The year's visitors to Barro Colorado 
Island totaled about 750, of whom about 60 were scientists using the 
station's facilities for special researches, particularly in wildlife ob¬ 
servation, forest ecology, photography, and cert am msect studies. 

International Exchange Ben»e<s.—As the official United btatev 
agency for the exchange of governmental, scientific, and literary pub¬ 
lications between this country and other nations, t e n enw ion^ J 
change Service handled during the year 1,205,039 packages of such 
publications, weighing 627,897 pounds, an appreciable increase orer 

‘1w Gallery of AH .-During the year the Gallery received ^O 
accessions, bv gift, loan, or deposit. Six speem ex i 1 " 

and 15 traveling exhibitions of prints front the ^ ™ 

were circulated to other museums and galleries. x u * ’ ^ - 

“Index of American Design" were given ^bookings m 18 StaJ-£« 
District of Columbia, and Germany. Nearly 44,000 persons * 
the various toure conducted by Gallery personnel, and about U ’^ 
attended the 51 auditorium lectures of Sunday afternoons, F - 
day evening concerts in the east garden court were n -a 

ZilW.-In all, 54,310 public™ «" «" IIed by tl,e SnutI V 

sm.i.m SLry during jar, and 6T wr rach.ng« *ara 'mr.u»ri. 
Among the gift, we,a several private collect,ana of valuable mater,al. 
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both of boobs and periodicals, entomology and geology this year being 
particularly -well represented* At the close of the year the holdings 
of the library and all its branches aggregated 960,401 volumes, in¬ 
cluding 586,700 in the Smithsonian Deposit in the Library of Con¬ 
gress but excluding unbound periodicals and reprints and separates 
from serial publications, 

PtihlicaiiansL —Eighty new publications appeared under Smithso¬ 
nian imprint during the year {see Report on Publications, p. 189, for 
full list)* Outstanding among these were: “Small Arms and Am¬ 
munition in the United States Service, 1T7G^1S65 S ?3 by Berkeley K- 
Lewis; “Annotated, Subject-heading Bibliography of Termites,” by 
Thomas E. Snyder; “Crustacean Metamorphoses” by R. E* Snod¬ 
grass; “The National Aeronautical Collect ions,” by Paul E. Garber ; 
“American Moths of the Subfamily Phycitinae,” by Carl Heinrich; 
“The First Quarter-century of Steam Locomotives in North America” 
and “Automobiles and Motorcycles in the U- S. National Museum,” 
both by Smith Hempstone Oliver; “Seminole Music ” by Frances 
Densmore; “Guayinf Grammar,” by Ephraim S. Alphonse; “New 
Horizons in Astronomy,” edited by Fred L. Whipple; “The World of 
the Dinosaurs,” by David H. Dunkle ; and “Meissen and Other Ger¬ 
man Porcelain in the Alfred Duane Pell Collection,” by Paul V. Gard¬ 
ner. In all, 405,2(36 copies of printed matter were distributed. 


Report on the United States 
National Museum 

Sm ■ I have tile honor to submit the following report on the condition 
and operations of the United States Rational Museum for the fiscal 
year ended June 30, 1057: 

COLLECTIONS 

During the year 647,750 specimens were added to the national col¬ 
lections and distributed among the si* departments as follows: 
Anthropology, 14,004; zoology-, 430,328; \$£?Sh 

33,322; engineering and industries, 1,706; history, i3,.hJ. Alth g 
fewer specimens were received than (luring the previous year, the total 
represents a normal annual accretion. Most of the specimens were 
received as gifts from individuals or as transfers roni io\einm 
departments and agencies. The Annual Report of the Museum, pub¬ 
lished as a separate document, contains a detailed list of the > ■ 

accessions, of which the more important are summarized below. Cata¬ 
log entries in all departments now total 44.3* i ,488. 

Anthropology ^An outstanding donatmn to the ******* 
collections received in the division of arched ^gy is A Wl " J * 
statuette of an ibis from the necropolis of luria-el-CT^ Lp^ 
Egypt, dated about 1800 B. C. This was given by General Mohammed 
Naguib to President Dwight D. Eisenhower who m * 

to the Institution. A largo miscellaneous colhchonasseindebytlo 
late Monsignor John M. Cooper was donated bylhe Pathol icUm- 
versit v of America. This material consists of North American Indian 
Eskimo, African, Philippine, and Negrito cuhnual oljert., < 
textiles; and an embossed gold disk from Ecuador, and other Lat 

A EGmlg^ts include two large nji'« 

by the Government of New Zealand. Kava bowls ™ 

Fijian ceremony of Yanggon* , or rzzudin 

antique type of Malay knsj ° r * ’ f The i^inated blade of 

bm Yousoff, Kelantan, Federation of Malaya, x ; ; 

this heirloom.atraditional Malay ™pon,« 

and copper. The hilt and sheath am decorated «dh gold overlay 

filigree with stone brilliants inset hi z, Sr Museum 

In anticipation of period-room .r«.llat.ona for th« J* M-sanm 
of History and Technology, the tollman* 1»"'''"S »"<» ™ ™ 
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accepted : A late ISth-century drawing room from the Thomas Han* 
cock house, Worcester, Mass., a gift of Mrs. Adelaide K. Rullen; 
paneled wall and woodwork from the Richard Dole house, Newbury, 
Mass, (about 1740), a gift of Mrs. Florence Evans Rushes*; carved and 
decorated architectural woodwork by Samuel Field Mclntire, from 
the interior of £t Gak fillip Peabody, Mass. (1&13-14), a gift of the 
Jordan Marsh Co.; an original decorative finial, salvaged from the 
steeple of the Old North Church, Boston, after the damage by a hurri¬ 
cane in 1054, gift of the Lantern League of the Old North Church. 

Miss Elsie Howland Qninby generously converted her loan of US 
specimens of English and American furniture and glass to a gift. 
061. and Mrs. Robert P. Hare gave two 17th-century English back 
stools and a set of six American Sheraton “fancy ts chairs. Mrs. 
George Maurice Morris presented, among several other gifts, 
#t carved walnut tray anti brass candlestick of about 1760. Mr. and Mrs. 
George H. Watson donated an early 19th-century Windsor settee, with 
original paint and stenciling, and an extraordinary hollow-trcc-trunk 
grain barrel, Through the Virgil M. Hillyer fund a North Devon¬ 
shire pottery oven from Bideford, England, was purchased- 

Mrs, Marjorie Merriwentlier Post was the donor of the only cigar- 
store wooden Indian ever acquired by the Museum. Several important 
examples of 18th- and 10th-century American blown glass were pre¬ 
sented by W. Daniel Quattlebaum. These include New York, New 
Jersey, and Now England types, as well as a rare cut-glass tumbler 
with an embedded ceramic cameo bust of Lafayette, made at the Bake- 
well works in Pittsburgh on the occasion of Lafayette’s visit to Amer¬ 
ica in 1824. An entire collection of 173 glass paperweights, mostly of 
European and American origin, was the gift of Aaron Straus. 

In order to augment the exhibits in the hall “Everyday Life in 
Early America,™ several large collections were accepted as loans. In 
addition to her previous gift of more than 1,600 objects, Mrs. Arthur 
M< Greenwood lent 32# specimens of American a, including 22 ex¬ 
amples of primarily American 17th- and 18th-century silver* rare 
children’s books and hornbooks, Indian captivity accounts and broad¬ 
sides, numerous dolls, and many articles of domestic use. Two speci¬ 
mens of North Devonshire pottery excavated at Jamestown, Va., were 
lent by the National Park Service. 

In exchange with the Institute and Museum of Anthropology, 
Moscow State University, the division of physical anthropology re¬ 
ceived a cast of a child's skull and lower jaw from the Mousterian cul¬ 
tural period of the Crimea. The Moscow State University received 
a cast of the Tbpwptn skull in return. This exchange resulted f rom 
a visit by the Russian delegation following the Fifth International 
Congress of Anthropology and Ethnology in Philadelphia. 
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Zoology .—As reservoir hosts, transmitters, and carriere of disease, 
mammals are intensively studied and collected the world over by spe¬ 
cial agencies and commissions whose efforts have resulted in some o! 
the more important accessions received by the division of mammals in 
recent years. This year in cooperation with the Armed Forces Epi¬ 
demiological Board and the University of Pittsburgh, Dr. David H. 
Johnson, curator of mammals, collected 656 specimens of bats and 
other small mammals in central Luzdn, Philippine Islands. More 
than 5(H) other mammals from Panama and the Canal Zone accrued 
to the collection, largely from flic field collecting of the personnel of 
the 25th and 7451st Preventive Medicine Survey Detachments of the 
U* S. Army, and in part by Dr. Karl B* Koford, Dr. Alexander ^Vet- 
more, and by Dr: Robert K. Kriders of Swarthmore College. I>o- 
nated by Dr* Enders also were 376 mammals from Alaska, Colorado, 
Massachusetts, Wyoming, and Saudi Arabia. The Pan American 
Sanitary Bureau of the World Health Organization contributed 3S 
rodents from Peru. Type specimens were received from Kenneth 
Walker, Tacoma, Wash., from t be Office of Naval Research through 
the University of Kansas, and from Kenneth S. Norris and William 
N. McFarland. 

This year's more important ornithological accessions included HE 
Belgian Congo bird skins, representing 511 forms new to the Museum, 
received as an exchange from the Institut Royal de Sciences N atur- 
dies, Brussels; 23 birds from the Caroline Mauds, a transfer from the 
Pacific Science Board, National Research Council; 10 Venezuelan 
birds, including the type specimens of S new forms, deposited by Dr. 
William H. Phelps, Caracas; by deposit from the Smithsonian Insti¬ 
tution 817 skins, 16 skeletons, 3 nests, and 5 sets of eggs of birds, col¬ 
lected in Panama by Dr. A. Wetmore. 

Noteworthy collections of New World amphibians and reptiles wore 
received as gifts from the following donors; Jerry D + Hardy, Gatons- 
viJle, Hd*, 702 specimens from Cuba; William L, Witt i Arlington, 
Va., 208 reptiles and amphibians; the Naturhistorichea Museum, 
Vienna, Austria, 98 frogs from Brazil; Dr* Jolin W. Crenshaw, Jr., 
Columbia, Mo., 52 turtles; Dr. W. G* Lynn, Washington, D. C., SB 
frogs f rom Jamaica and Antigua, B. W. 1. I 1 or type material in this 
field the Museum is also indebted to the University of Colorado, to 
the Natural History Museum of the University of Illinois, and to Dr. 

Gordon Thurow,Bruddock Heights, Md. 

The largest accession to the Mi collection was the gift of Dr. Wil¬ 
liam R P Taylor, associate curator, representing his comprehensive col¬ 
lection of 16,821 specimens gathered from the southern United States 
over several years. Other sizable fell collections were received as 
follows: 4,329 specimens from Paraguay donated by Dr. C. J. I> + 
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Brown, Montana State College; 1,653 si^ecimens of West Indian 
fishes obtained on the Smithsonian-Bredin Caribbean Expedition 
and deposited by the Institution; 100 fresh-water fishes from Colom¬ 
bia, the gift of Dr. George DahL Included in 8 accessions number¬ 
ing nearly 700 specimens were 0 holotypcs and 598 paratypes of fishes 
described by one or another of the donors f mm various parts of the 
world: Dr. J* J + Hoedemen, Zoologisch Muse mu, Amsterdam; Daniel 
M* Cohen, Stanford University; Dns. Reeve M + Bailey, Uni verity of 
Michigan, and William K. Taylor, U. S. National Museum; Wayne J. 
Baldwin, University of California at Los Angeles; Dr. Andreas B. 
Kechnitzer, U. S. Navy Electronics Laboratory, San Diego, Calif.; 
Dr. John C. Briggs, University of Florida; William Cl Schroeder, 
Museum of Comparative Zoology, Harvard University; Dr. Boyd W. 
Walker, University of California at Los Angeles; and Victor G. 
Springer, University of Texas. 

The largest accession accruing this year to the division of insects 
consisted of 168,531 specimens of ectoparasites and transferred from 
the Walter Reed Army Medical Center, Department of the Army. 
Erneat Shoemaker of Brooklyn, donated his personal collection of 
60,338 specimens, chiefly Coleoptera, all exquisitely prepared and in¬ 
cluding 101 Morph# butterflies, many of which are rare. Di\ Colvin 
L. Gibson of Memphis presented 4,337 butterflies and motha, and 
some representatives of other groups collected in Mexico, the British 
Solomon Islands, and the United States. Associate Curator O. L. 
Cartwright presented 11,400 specimens of insects which he collected 
in Arizona, New Mexico, and Texas. A gift of 6,546 named lepi- 
dopterous larvae, mostly from western United States, which were 
associated with reared examples in the economically important fam¬ 
ily of cutworm moths, was received from S, E. Crumb, Puyallup, 
Wash, Dr. J. F. Gates Clarke, curator, contributed 4,801 miscel¬ 
laneous insects, mostly from the State of Washington, Other note¬ 
worthy accessions included 5,347 insects from Africa and South, Cen¬ 
tral, and North America, received from N. L. H* Krauss of Hono¬ 
lulu; 3,753 North Dakota spiders, donated by J. M, Davis, Silver 
Spring, Md.; and 10,000 miscellaneous insects from Thailand, re¬ 
ceived from the International Cooperation Administration. 

Aside from gifts bringing additional type material to the Mu¬ 
seum^ marine invertebrate collections, the following are deemed par¬ 
ticularly worthy of note: 27,600 specimens from the Smithsonian- 
Bred in Caribbean Expedition deposited by the Institution; 1,787 
crustaceans and other invertebrates from survey vessel collections in 
the Gulf of Mexico and off the southeastern United States, trans¬ 
fer™! from the U. S. Fish and Wildlife Service; 176 identified speci¬ 
mens of 40 species of pelagic copepods from Sweden and South 
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Africa donated by Dr. Knrl Lang, Naturhistoriska Riksmuseet, 
Stockholm, Sweden; 1,S2S shrimps, crayfishes, and other inverte¬ 
brates given by Dr- Horton H. Hobbs, Jr., University of irgm 
160 identified specimens of 13 species of mysidaccan crustaceans from 
the vicinity of Plymouth, England, presented by Hr, Otee b. Tat- 
tersall. through Dr. Isabella Gordon; and 2 specimens of Cephalo- 
r arid a, the recently discovered crustacean subclass, received from 
Howard L. Sanded, Woods Hole Oceanographic Institution. 
Donors of type material included the late Dr. Raymond C. Oaburn, 
Ohio State University; Dr. E. Ruffin Jones, University of Florida; 
Maureen Downey, Beaufort, N. G.; Dr. Trevor Kincaid Seattle, 
Wash.; Mrs. Mildred S. Wilson, Anchorage, Alaska* Dr. J- l- 
Penney, University of South Carolina; Gordon Clark, Iinivei^ity of 
Maryland; Dr. Alejandro Villalobos F., Institute de Biologta, 
Mexico; Dr. N. T. Mattox, University of Southern Cub forma; and 
the Scrippa Institution of Oceanography, University of < aliform, l. 

Among the outstanding mollusk accessions for the year nm> er ™ 
memted the following: 2,000 Australian 

TV. Basso, HWtieshurg, Miss.; the deportof ' 

from the Smithsoninn-Bredin CeribbM Bapedetmn; 0,3 t^f™“« 

of lend and freah-nater snnils from Bibya, cnllected hj O . 

Bran,It, and purchased through the Franws to Chamberlain I had, 

SOI) specimens of land and fresh-,rater mollu.ks from 

Wanda, ft. Britain, and Nov Caledon,a, from* 

and 84 marina mollusks frnn, South )fn». ™r,v ; d fra,ttt»U » ' 

ait, nf Capo Term, through Prof. ■ ■ H..ft,, f.vprso, lu.nn.ta 

arm donated hy Dr. Elan F. Byrd, Athens, Ga f ; 

Cheng. Charlottesrille, Va.; Dr. Paid ti. Bnrton, Coral Gables, Fla., 

find Dr. Inland S. Olsen, Lincoln, Nebr. nf Central 

B^y.- An important j^ff gBgEBE glS 
American plants was contributed b> tb f T t-nlleetcd 

cana. Other gifts included 210 specimens <> p an _ (T . | nts 

and presented bv Justice WilHam O, Doug ns, ..in _ l ^ Smith 
fro,,! Manual lipee Figuein*, Santiago da Cuba. Dr.A. 0.Smith 

nhtaineil 4,047 apecimrns nf West Inc mn P’mtso^ ,, 927 

Ilradin Caribbean Kiffip'obLned 1,505 specimens 

specimens of plants in Cuba. E* i ■ 1V f L._. Florida 

for the Institution on the We of Pines, Cuba, and in southern 

‘"l^Tuie interesting collections rcroivrdin toit u“ 

Rraailinn plants, mostly from the Amason regwn, - Ecllnl ] or 

Agronomic do Norte, Bdfa, Pud, Brand 1 

obtained by Dr. Erie Aapiund; 1,058 specmrns collec tedj "^ 
paniola hy fe I. Skmun from the Xaturh.stor.ska B.leuu..s».t, 
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holm, Sweden; 232 specimens obtained in Asia Minor by Ek K* Balls 
from the Royal Botanic Garden, Edinburgh, Scotland: 621 plants 
collected in East Africa by XL J. Schlieben from the Missouri Botan¬ 
ical Garden, and 1,353 specimens of plants of Hong Kong, California, 
and Mexico from the University of Michigan. 

Extensive collections of plants of Santa Catarina* comprising 2,479 
specimens, were received from the Herb&rio “Barbosa Rodrigues," 
Ttajaf, Santa Catarina, Brazil, with a request for identifications. The 
Los Angeles County Museum sent, for study and report by herbarium 
specialists, 239 specimens from the coned ions made by E. Yale Daw¬ 
son on the Machris Brazilian Expedition. 

There were transferred from the U + S* Geological Survey, Depart¬ 
ment of the Interior, 2,142 specimens collected by Dr, F, IL Foslserg 
in the Marshall Islands, and from the Agricultural Research Service, 
Department of Agriculture, 870 specimens collected by F. .1. Hermann 
in Canada and north western United States. 

Geology .—Outstanding among the gifts of minerals is an unusual 
scapolite from Itrongaby, Madagascar, from John E, Jago, and an 
exceptional barite from Sterling, Colo., given by Arch Oboler. Some 
of the newly described minerals presented are:cardosonite, Spain, by 
Dr. I. Asensio Amor; kingite, Australia, from the Commonwealth 
Scientific and Industrial Research Organization; ferroselite, Mon¬ 
trose County, Colo., from Howard Bowers 5 heidornitc, Germany, 
from Prof. I)r> XV* V. Eugelhardt; hibonite, Madagascar, from John 
B. Jago; tertschite, Turkey, from Dr. Heinz Meixner; vayiynenite, 
Finland, from Mary Mrose; and bpggilditc, Greenland, from I Ians 
Pauly. 

Several outstanding additions were made to the gem collection by 
exchange, including an exceptionally fine 18,3-carafc canary-yellow 
diamond from South Africa, a 5I.9-carat yellow sapphire from 
Burma, and a 68 + 85-carat brilliant-cut sphalerite from Utah, A 13,50- 
carat andalusito from Brazil and an iLSO-carat star spinel from 
Coy Ion showing four separate 6 -rayed stars were purchased through 
the Chamberlain Fund for the Isaac Lea col lection. 

Of the 131 specimens added to the Roebling collection bv purchase, 
the outstanding items ate: sdtoepite and soddyite from Shiukolobwe 
in the Belgian Congo, and hambergite from San Diego County, Calif 
Newly described species added to the Roebling collection ai^e: coffinito 
from Utah; kettnerite from Czechoslovakia; hawleyite from the 
Yukon in Canada; and isokite from Northern Rhodesia. 

Significant additions to the Canfield collection include two 0 -inch 
crystals of enargite from Peru; a 6 %-ounce gold nugget from the 
^ ukon, Alaska, mined in 1890; several fine groups of showy wulfenite 
crystals from Arizona; and two exceptionally line crystals of blue 
and yellow sapphire front Burma, 
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Three meteorites new to the collection acquired as gifts were Ikmita 
Springs,Lee County, Fla,, from E. P. Henderson; Kaufman, Kaufman 
County, Tex., fromMrs. CarlC. Hinriehs; and Mayday, Riley County, 
Kans., from Prof, Walter S. Houston. Four meteorites, also new to 
the codection, were received as exchanges: St, Peters, Graham County, 
Ivans.; Kunasliak, Elenovka, and Sikhote-Alinskii, from the Union of 
Soviet Socialist Republics. 

Important gifts received in the division of invertebrate paleontology 
and paleobotany are: 750 Tertiary mollusks from Virginia, North 
Carolina, and Florida given by Shelton P. Applegate; 500 specimens 
of Permian braduopods from Tasmania, from Dr, Kenneth E, Coster; 
93 pleasponges front South Australia, tli6 gift of B. Flounders j typo 
and figured specimens from the Peansylvania rocts of western Mary- 
land from Joseph Lints, Jr.; 4,665 specimens of crinoids and other 
fossils representing tha private collection of the late Dr. E iviiv r , 
received from Mrs. Kirk; 4130 specimens of Cretaceous Forum mi fern 
from Egy pt donated by Rushdi Said; and 311 Miocene mollusks from 
Peru, given by the Johns Hopkins University. 

An important collection of 500 Tertiary bracliiopods from Okinawa 
was transferred from the U. S. Geological Survey. Among the acces¬ 
sions obtained by exchange were 2,655 specimens of Forammiiera from 
Poland ; 158 Tertiary bracliiopods from Now Zealand; and 894 inverte¬ 
brate fossils, mostly Mesozoic and lerti&ry from Japan. 

Through the income of the Walcott bequest 5,322 specimens of 
Devonian, Mississippiam, and Permian fossils were collected by Dr. 
G. A. Cooper, A, L. Uoo shcr, end J. T. Dolro, Jr., t>» Glass Mom- 
tains of Teas and the San Andress and Sacramento Mountains of 

The division of vertebrate paleontology received outetend mg speci¬ 
mens through purchase, fieldwork, and exchanges . _ 

fossil fishes acquired by purchase come from t ic vonian 
formation on Chaleurs Bay, Canada; and a senes of lute Paleozoic and 
early Mesozoic fishes from various European localities. , , 

Important specimens collected by Dxs-C- UQmn 
include 100 mammalian specimens from the Eocene o 

»varal goad sparing nfan^nUo^an ™*a^ 

r S3liSteciC„t^r.nd Middla Deroninn ioaali- 
“llch”;™ effected that produced 

other fossil vertebrates. Several type*) of r, “ , j Danish 

landand castsof Devonian amphibians iwere ^^J^*^** 
Mineralogica! Steam. A large skate, of a 0^““" 
obtained from the Bureau of Economic Gcolog, o 
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Texas, and Dartmouth College exchanged six primitive jobless ostra- 
eoderms from Oe$el Island in the Baltic, An exchange of value, con¬ 
sisting of nine jaws and maxillae of primitive periffiodactylfi and artio- 
dactyls, was obtained from the Museum de Sciences Naturelles, Lyon, 
France. 

Entfm&sring and Iridustries. —In connection with the development 
of the new exhibit of telephony, about 20 original instruments showing 
the evolution of the telephone from 1880 to the present day were added 
to the collections of the division of engineering. These specimens 
were donated by Bell Telephone Laboratories, Stromberg-Carlson Co., 
the Boll Telephone Co. of CaEtada, North Electric Co., Western Elec¬ 
tric Co., and the Ohio Bell Telephone Co. 

All sections in the division received important now accessions in 
preparation for exhibition in the Museum of History and Technology, 
A specimen of particular historical interest added as a loan to the 
collection of machine tools is a Robertson milling machine of 1852, 
from \ ale University, The section of light machinery acquired a 
fine French astronomical clock, of about 1800, featuring a planetarium 
enclosed in a glass sphere etched with the constellations, thus exhibit- 
ing particularly well the astronomical associations of timekeeping* 
A full-sited pirogue, made in the manner of the Acadian% was pre¬ 
sented to the transportation section by Esso Standard Oil Oo. T together 
with a him recording the process of its fabrication. An elegant 
Quecnsbody basket phaeton was given by Mrs. William A. Fridley, 
The collection relating to instructional mathematics was augmented 
considerably with the receipt, from Prof, Frances E + Baker* of a set of 
131 mathematical models. 

The division of medicine and public health added to its collection 
the third X-ray tube of the discoverer of X-rays, Wilhelm Konrad 
Roentgen, a gift of the General Electric Go* For the hospital exhibit 
in the Museum of History and Technology, a complete set of hospital 
ward fixtures of about 1900 was received from the Massachusetts Gen- 
end Hospital. The materia mcdica collection obtained a number of 
additional examples of patent medicines, such as Bateman’s Pectoral 
Drop®* presented by Ronald K* McCandleas, Owen II. Waller* and 
A* P* Whealton; Godfrey’s Cordial, presented by Robert Russell and 
A* 1 Wheal ton; and Porter’s Curative Sugar Pills, from Samuel 
A. Aker, David E, Kass, and George C + Kass + 

Among the more important specimens acquired by the division of 
u a ts and industries is an 16th-century Don Quixote tapestry pre¬ 
sent! d by Mrs, Tvermit Roosevelt, a rustic copperplate printed fabric 

a J 176L, from Afrs. Betty H. Harriman; and a copperplate print 
stitched into a quilt top* from Mrs. Nicholas Satterlee. In the section 
o agriculture, a model of tbe ITussey reaper of 1336 was construe ted by 
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Donald Holst of the office of exhibits; a Pennsylvania bar share plow 
was donated by Daniel G. H, Lesher; and an early threshing machine 
by James W, Brown, 

Preparation of exhibits for the new museum made it possible for 
the division of graphic arts to acquire a number of important prints. 
Among these are “St. Catherine with the Wheel” a hand-colored 
anonymous woodcut dated 1465-70, and examples of the graphic work 
of J. M. Whistler, Paul Gauguin, Pierre Bonnard, Muirhead Bone, 
Georges Rouault, Pablo Picasso, Henri Matisse, and others. An out* 
standing collection of materials representing the history of motion- 
picture photography, comprising 864 items, was received as a bequest 


from Gatewood W. Dunston. 

History .—The division of civil history acquired a notable reception 
room that was originally installed in a house near Kutztown, Berks 
County, Pa,, during the period 1785-60. This room corresponds in 
size, plan, locale, period, and original usage to the second-floor front 
drawing room of the Philadelphia Presidential Mansion as It appeared 
during Washington’s second administration^ 

The Ladies’ Hermitage Association, Nashville, Tenn., presented a 
buff-and-gold china bow! from one of the dinner services used at tlm 
White House during the administration of President Andrew Jackson. 
A plate and a cup and saucer representative of the State sor vices ™ &de 
by Wedgwood for the White House for use during the Theodore 
Roosevelt administration were presented by Jostah edgwood & Sons, 

*A most interesting addition to the costumes collection is a gold 
brocade shoe for a woman of the early 1 Sth century wit a ma c i n fe 
gold biocade dog, a gift of Mrs. Brookings T. Andrews. 

The military history collections were enhanced by the gift from 
President Dwight D. Eisenhower of a summer service uniform of a 
General of the Army worn by him during his term as Commanding 
Gen era!, Sn preme Heudquartfc^&p AI lied 1 o " ^ ® " ll T0 1 ^ 
mil i t ary paintings by the celebrated m ilitary art is V 1,11 i s o 
were presented by Mrs. John Nicholas Brown. .... * .1 

Outstanding among the specimens received m t 0 Pacific 

history- was a scries of six oil paintings of nava ac ions ' . 

Ocean during World War II which came as a gift of the artist 

Clarence J. libado. , , - .t division of numismatics is 

An important accession received m the ■ ■ . , t 

an original pantograph invented and built by Christ, an Gobrecht a 

foremost United States Mint engraver, together 

lugs and plate proofs of State bank notes mac c J nresented by 

Mrs. C. F. Welters, Outstanding among the " Qu J_ 

Paul A. Straub are a broad gold 8-ducat piece stiuc - 
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1 inburg by Dorothea, Duchess of Saxony, and a ducat, dated 1688, 
struck by August Friedrich of Holsteln-Gottorp. 

A newcomer to the list of donors of philatelic material is Harry 
L. Lindquist, publisher of Stamps magazine, who presented his col¬ 
lections of Danish and Swedish booklet panes, including many of 
great rarity. Former Postmaster General James A. Farley converted 
one section of his valuable philatelic holdings from loan to gift dur¬ 
ing the year. 

Philip II. Ward, Jr T , of Philadelphia, donated a considerable num¬ 
ber of United States and foreign stampS“to continue his ranking 
as the “oldest” continuing donor, having first evidenced his support 
of the national postage stamp collection as long ago as 1015, R. H. 
Homan, Jr,, of New York donated 18 original drawings for Ecua¬ 
dorean stamps, and 114 French pre-stamp covers* 


EXPLORATION. FIELDWORK, AND RELATED TRAVEL 

Near the close of the past fiscal year Dr. T, Dale Stewart, curator 
of physical anthropology, investigated the burial site of an adult 
male Indian on the bank of York River opposite West Point, Va. 
Portions of the skeleton were unearthed. Trephined skulls from 
Bolivia in the American Museum of Natural History, New York City, 
and from the central highlands of Peru in the Peabodv Museum, 
Cambridge, were examined by Dr, Stewart April 2-7, 1057, to ad¬ 
vance completion of a research project. 

Frank M. Setzler, head curator of anthropology, and Dr. Clifford 
Evans* associate curator of archeology, attended during xSeptember 
1956 the Fifth International Congress of Ethnological and Anthro 
pological Sciences at Philadelphia. During April 1957 Mr. Seller 
' i si ted Xcw Martinsville, W. Va,, to survey and discuss a cooperative 
arrangement for the excavation of a prehistoric Indian mound on 
the property of the Columbia- Southern Chemical Carp Plans are 
now being formulated to proceed with this project during the next 
fiscal year. 


Dr. Clifford Evans, associate curator of archeology, and Dr. Betty 
7 Mepgere, research associate, with support from a grant from the 
American Philosophical Society, excavated 12 archeological site 
on the Rfo Aapo and its tributaries on the eastern slope of the 
km union an Andes from October through December 19156 The 
results of this work indicate that the Rio ttnpo culture is ancestral 
to the Mara] oar a culture at the mouth of the Amazon, although the 
Ultimate origin of the Napo culture is still unknown. During Janu- 
^ r ; ■"** ydn-awy 1957, under a cooperative arrangement with 
^r. kmiho Estrada Director of the Museo Arqueoldgioo “Victor 
Emilio Estrada of Guayaquil, they continued research begun in 
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1354 on the coast of Ecuador. Additional sites were investigated 
in the Guayos Province to expand knowledge of the Formative 
Period cultures and establish links with cultures of this period in 
Middle America and Peru. En route to Venezuela, 2 weeks were 
spent in Colombia examining collections in Bogota* Rarraneiuilht, 
and Cartagena and consulting with Colombian until apologists. 

On arrival at Caracas, Venezuela, these two investigator were in¬ 
vited by Dr + Jose M. Cmxent, Director, Mueeo de Clancies Nat ii rales, 
to accompany an expedition sponsored by that museum and the Uni- 
versidad Central de Venezuela to the Rio Ycntuari, a head waters 
tributary of the EIo Orinoco, Some five weeks were devoted to stra' 
tigraphic excavations of 30 or 4U former sites of human occupation 
in this region. The materials obtained will permit a more adequate 
interpretation of the cultural level relationships of the former in- 
1 Labi tan t s of Bra^ il, the Gu i anas, Colomb \ a, and Ecuador. I )rs. E v ans 
and Meggjera returned to Washington on April 5* 1057- 
Dr* Waldo R. Wedel, cum tor of archeology, participated, May 2-4, 
1057, in a symposium held at the University of Wisconsin, Madison, 
which dealt with the identity and historical implications of an ^arche¬ 
ological cultural horizon known as Oneota, ancestral to certain Siouan 

groups of Indians. 4 

Dr. Marshall T. Newman, associate curator of physical anthro¬ 
pology, under a research project financed by a grant from the Na¬ 
tional Science Foundation, conducted studies in physical anthro¬ 
pology, nutrition, dietary habits, blood analyses, bone density and 
maturation, and cultural anthropology on the Quediua-speaking 
Indian community of some 1,750 individuals at Hacienda Vicos m 
the CaUejon de Httsylas* North Central Sierra, Peru, Blood samples 
obtained during this investigation have since been studied by the 
Blood Grouping Laboratory', Boston, and the U- S. I ubhe Health 
Service Laboratory at Framingham, Mass. Bono-densily nn L i jsu 
and skeletal-maturation studies are being made at Peim^h anm State 
University from X-ray photograph* of the hands oJ! lUm school 
boys. Dr. Newman returned to Washington on July l95 *_ T ^ ]r 
ing April 1057 Dr. Newman consulted with specialists of the Eels 
Research Institute staff at Yellow Springs, Ohio, relative to ajp 
assessments from carpal X-rays, tooth eruption ( ata, aiK me nc 

growth data obtained at Hacienda \ icos. . , , 

C. Malcolm Watkius, associate curator of cthiioloEJ, m the to ■ - 
between October 1 and 8,1956, arrang'd for tho shipping of cnltura - 
history materials from Mrs. Arthur M. Groemroods home , 

boro," Muss., sorted the woodwork from the Tlmmas HuucocL 
house in Worcester, and packed and shipped tiles g 1 ^ Ln S 
Wires of Wellesley Hills* 
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Conrad V- Morton, curator of cryptogams, during August 1956, 
participated in a field trip organized by the American Fern Society 
oil the Gnspc Peninsula, Canada. On the return trip Sir, Morton at¬ 
tended the meetings of the American Institute of Biological Sciences 
at Storm, Conn. 

From October 1956 to April 1957, Dr. Lyman B. Smith, curator of 
phanerogams, conducted field studies of the flora of southern Brazil 
under tv grant from the National Science Foundation and in col¬ 
laboration with the Herbs trio “Barbosa Hodnguos." Over 5,000 
plants were collected on the planalto of Santa Catarina and adjacent 
regions for phytogeogra pineal research on the origin of the flora of 
southern Brazil. 

During February 1957, Dr. Herbert Friedmann, curator of birds, 
was selected to inaugurate the recently endowed “Lida Scott Brown 
Lectureship" at the University of California at Iajs Angelos. Pre¬ 
viously, in August, he studied the African parasitic weaverbirds in 
the Chicago Museum of Natural History in furtherance of a mono¬ 
graph now in course of preparation, 

On April 30, 1957, Dr, Charles O. Handley, Jr., associate curator 
of mammals, was detailed to conduct preliminary mammal surveys 
in eastern Panama in cooperation with the yellow-fever project of 
the Gorges Memorial Laboratory. Fieldwork continued through the 
month of June and Dr, Handley returned to the Museum on June 28, 
1957. 

At the invitation of Dr, William McD. Hammon, chief of the de¬ 
partment of epidemiology and microbiology, Graduate School of 
Public Health, University of Pittsburgh, Dr, David H. Johnson, 
curator of mammals, joined a virus-research group from July 24 to 
October 2,1956, in the vicinity of Manila and Clark Airbase, Luzon, 
Philippine Islands. This survey of the mosquito-borne virus diseases 
affecting wild animals and man was supported by the Armed Forces 
Epidemiological Board, U. S. Department of Defense. 

On July 27,1956, Dr. Ernest A. Latimer, associate curator of fishes, 
returned to Washington following completion of his studies under a 
fellowship awarded by the John Simon Guggenheim Memorial Foun¬ 
dation. Dr. L&chncr is preparing monographic studies of the cir- 
cuiutropic&l marine fish families Apogonidae (cardinalfishes) and 
Mull nine (goat fishes) ami found it necessary to examine the collec- 
lections preserved in the British Museum (Natural History), Lon¬ 
don; the Zoological Museum, Amsterdam; the Rijksmuseinu van 
Naluurlijke Historic, Leiden; Natnrhistorisolve Museum, Vienna; 
Scnckcnbergische Naturforsclietido Gesellschaft, Frankfurt; Zoo- 
logisches Museum, Hamburg; Zoological Museum, Copenhagen; the 
Museum of Belgian Congo, Tervuren; and the Museum National 
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dTIistoire NatureUc, Paris. Dr. Uiditier studied the sharks tickers 
(Echeneidae) in the collections of Tulano University, New Orleans, 
April 15-22, 1357, and added important data to his review of host 
specificity. Some 500 specimens of fresh-water barbeled minnows 
{Sybopm) were examined for inclusion in a partially completed 
manuscript. X-rays were taken of 10 types and specimens of small, 
somewhat transparent fishes (Heine ich t by idae) to determine details 
of tile osteology for incorporation in a re visional study. 

In continuation of his research on sea anemones, Dr, Charles E. Cut- 
ress, associate curator of marine invertebrates, searched the inverte¬ 
brate collections of the Peabody Museum of Natural History at Yale 
University, the Museum of Comparative Zoology at Harvard Uni¬ 
versity, and the American Museum of Natural History, New York, 
October 22-November C, 1956, for type specimens and material from 
the central and South Pacific Ocean. Dr. Cu tress was detailed during 
February 1957 to proceed to the Museum of Wesleyan University at 
Middletown, Conn., for the purpose of packing and shipping zoologi¬ 
cal materials winch were transferred to the national collections. 

In furtherance of his taxonomic studios on scarab beetles, 0. L. Cart¬ 
wright, associate curator of Insects, examined types of Ontkeph&gus, 
Ataenius y and Ligyrus, as well as other genera, in the collections of the 
Museum of Comparative Zoology at Cambridge and the Academy of 
Natural Sciences of Philadelphia, February 24-28,1957. Later, April 
21-24,1957, he critically studied the types of Scurabaeidae in the Cin¬ 
cinnati Museum of Natural History and Purdue University, Lafayette, 
Ind. 

Dr, Waldo L. Schmitt, head curator of zoology, and leader of the 
Smithsoniau-Bredin Society Islands Expedition, left Washington on 
dune 14,1957, en route to Papeete, Tahiti. The generosity of Mr. and 
Mrs. Bruce B radio, of Greenville, Del., enabled the Smithsonian Insti¬ 
tution to charter the vessel Mareva for tliis marine biological survey of 
the Society Islands. The party included also Dr. Harald A. Bebder, 
curator of inollusks, and T. E. Bowman and Charles E. Cutress, Jr., 
associate curators of marine invertebrates. In the course of this cruise 
collections were obtained at or in the vicinity of Makaten, Ttckahau, 
Bora-Bora, 1 lain tea, Tahaa, Huahelne, and Mooreti. 

Early in January Dr. Alexander Wetinore, research associate and 
former Secretary of the Smithsonian Institution, returned to Panama 
in continuation of his field researches on the distribution and uiriat iou 
of the birdtife of the Isthmus. Through the friendly interest of Di. 
Pedro Galindo of the staff of the Gorgas Memorial Laboratory for 
Tropical Medicine, and Di put ado in the legislative body of the Ko- 
public, permission was given for work in the restricted area of the 
Com area do San Bias, territory of the coastal group of the Cuna lu- 
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dfitns. The field party obtained transport from Paitilla Airport, 
Panama City, via Cessua-lSO four-passenger plane to Muudinga in the 
San Bias where camp was established midway between the foothills of 
the Cerro Azul and the sea. "While much of the land had been cleared 
for farming, original forest remained in the swampy woodlands near 
the coast arid over the inland lulls. During a period of four weeks 
observations were made on approximately 200 species of birds with 
series of specimens prepared of those desired for special study. 
Friendly Indian neighbors were almost daily visitors, the colorful 
dress of the women being especially attractive. As this is the first col¬ 
lection of any extent to be made on the Caribbean coast between the 
Canal Zone and Puerto Oboldfa on the Colombian frontier, the work 
has afforded especially valuable information. 

Following return to the Canal Zone Dr, Wutmorc spent from Febru¬ 
ary 25 to 28 in the launch Sea Raider, Richard E. Parker of Colon, 
skipper, in work along the western side of the Gulf of Panama. Col¬ 
lections were made especially at Ensenada Yenado, west of Punt a 
Mala, and on Isla Iguana, to the north of that point, localities acces¬ 
sible only by boat. This year sea birds had not yet arrived to nest on 
tho rocky islets of Los Frailes off Punta Mala, though they Jiad been 
abundant there on February 6, 1356. On the return trip he examined 
the rocky islets of lsla Villa and Famlldn do C’hiru. 

After a day on Cerro Azul and another near the base of Cerro Brujn, 
the party left by Jeep for the lower end of the Azuero Peninsula. 
Here, from quarters obtained in the friendly village of Pedasf, studies 
were made in the valleys of the Rfo Caldera and the Rio Odn, the latter 
accessible over a rough track practicable only in the dry season and by 
means of the 4-wbeeI drive of the jeep. Following two weeks here Dr. 
Wet more crossed on March 22 by Cessna-180 plane from Las Tables to 
the isolated village of Tonasi for examination of the valley of the Rio 
Tonosl. Here he and Mrs. YVetmore were the guests of Mr. and Mrs. 
Harry L. Peck, long resident in the valley, who afforded till needed 
facilities for the work. This concluded tho work for this season, ex¬ 
cept for a two-day visit to the Barro Colorado Island field station on 
April £ and 3. '1 he collections made have added definitely to our 
knowledge as the work centered on areas that previously had not been 
investigated. 

During July 195(1 Dr. C. L. Gazin, curator of vertebrate paleon¬ 
tology, accompanied by preparators Franklin L. Pearce and Theodore 
11. RuhofF, proceeded to Shoe! ion i, M T yo., to prospect for fossil remains 
in several upper Eocene localities on t he north side of the Wind River 
Basin. This fieldwork was financed by tbe income from the Walcott 
bequest. The exposures on Bad water Creek yielded additional 
artiodflctyl remains. Subsequently a search was made for skeletal 
material of the Oligocene horse Metoh&ppw, in the Chadron beds 
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north of Harrison, Xebr. An incomplete skull of this horse and two 
excellent skulls of the Oligocene dog Daphoenmi wore collected. Op¬ 
erations were then transferred to Bitter Creek, Wyo,, where portions 
of two skeletons of Coryphodon as well as small mammals were secured 
from quarries oil exposures south of the town. After August 1 field* 
work was commenced on the fossiliferous exposures of Knight Eocene 
and presumably Evanston Paleocene in Fossil Basin near Kenimcrer, 
Wyo., where additional materials were obtained. Several excellent 
specimens including a partially articulated skeleton of Itf&d&co- 
theriwiti were found in the New Fork tongue of the Knight formation 
as exposed along Alkali Creek east of Big Piney. Tire museum carry¬ 
all was returned to Washington on August IT, 1056. 

During the last two weeks of December 1956 Dr. Gazin studied 
specimens of the earliest known North American primates in the col¬ 
lections of Princeton University, the American Museum of Natural 
History, and Vale University. On January 15, 1957, in accordance 
with a previous agreement relative to the final distribution of Pleisto¬ 
cene sloths and other mammals excavated near Ocu in the Itepublic 
of Panama he proceeded to Panama to unpack and assemble the fossil 
skeletal material returned to Dr. Alejandro Mendes, director, Museo 
Nacional of Panama. This assignment was completed on February 
S, 1957. He examined various Eocene adapid and tarsi id primates 
at Princeton University and reviewed the lower Eocene uitaptomor* 
pbids and other Tertiary mammals in the collections of the American 
Museum of Natural History, June 9-9,1957. 

During the first week of November 1956 Theodore B. Jtuhoff and 
Shelton P. Applegate investigated a fossil whale occurrence in the 
vicinity of Smithfidd, Va, 

To obtain required specimens of fossil fishes and other early verte¬ 
brates for the exhibition series, Dr. David 1L Duntle, associate curat<>r 
of vertebrate paleontology departed from \\ ashington on August L7. 
1956, for Europe. A field excursion in northern Scotland under the 
guidance of Prof. T. Stanley Westell of the University of Durham 
resulted in the collection of Devonian fishes in such historic localities 
as Holburn Head Quarry, Murkle Bay, the Thurso Foreshore and 
Achanarras Quarry m Caithness; Edderton, Cromarty, and Etliie 
Burn in EosshSre; Turin Hill in Forfarshire; and the vicinity of 
Ijesniahagow in Lanarkshire. At Copenhagen lie arranged an ex¬ 
change for Triassic fishes of Greenland and Madagascar with the 
Danish Mineraloglsak Museum. Extensive collections of fossil fishes 
were examined at the National Museum of Sweden and the Swedish 
Geological Survey Museum in Stockholm. Casts of primitive tetra- 
pods from tiie Devonian of Greentand were received. At Bonn, Ger¬ 
many, Into Paleozoic and early Mesozoic fossils, including such rare 
forms as a lower Devonian ostracoderm and a placoderm. were selected 
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for the display series. Arrangements were made with Dr. B. Haul! 
of Holzmnden for a series of lower Jurassic fishes. At the Museum 
National d’Histoiro Naturellc, Fans, desirable exchanges were dis¬ 
cussed. with the staff. Dr. Dunlde returned to Washington on Novem¬ 
ber 9,1956. 

Dr. Dunkle accompanied Dr, G. E. Lewis, U. S, Geological Survey. 
May 6-20, 1957, on a reconnaissance of the occurrence of fossil 
mammal-like reptiles (ictidosaurs) in the Kayenta formation on the 
western Navaho Indian Reservation, Ariz., with the objective of 
locating skeletons for exhibition. 

Following approval of an exchange arrangement, Franklin L. 
Pearce and John E. Ott were sent on November 23,1956, to the Museum 
of the University of Texas at Austin to assemble and pack for shipment 
h Triassic phytosaur skull and the field blocks enclosing the giant 
Cretaceous fish Xiphactinux, When preparation is completed these 
specimens will be incorporated in the display series. 

Dr, G. A. Cooper, curator of invertebrate paleontology, was invited 
by the organizers of tho Twonty-second International Geological 
Congress, Mexico City, to lead a field excursion late in August 1950 
to Sonora, where the party studied the Cambrian sequence near 
Caborca and the Permian, Mississippi an, and Devonian near Antimo- 
nio. The Walcott bequest financed the fieldwork by Dr. Cooper in the 
Glass Mountains of Texas and in south central New Mexico. On 
August 13, I960, while accompanied by Dr. C. 0. Dunbar of Yale 
University, L G. Henbcst of the U. S. Geological Survey, and Dr. 
John Skinner of the Humble Oil Co., Dr, Cooper reviewed the Per¬ 
mian stratigraphy in the vicinity of Marathon, Tex., and subsequently 
collected additional blocks of invertebrate materials. The field truck 
was driven to Nogales, N. Mex,, prior to the Mexican excursion. 
When the Geological Congress terminated, Dr. Cooper returned to 
Nogales where A, L. Bowaher and J. T„ Dutro of the IJ. S. Geological 
Survey joined the party for the Devonian stratigraphic fieldwork in 
the vicinity of Silver City and Hillsboro, N. Mex. At Hillsboro, 
Mississippi an fossils also were collected. During the last week of 
September and the first half of October, Alamogordo served as head¬ 
quarters for the fieldwork in the San Andreas Mountains located in 
the White Sands Proving Ground area. Field studies in New Mexico 
were concluded at several localities in the Sacramento Mountains east 
of Alamogordo, 

The income from the Walcott bequest and assistance from the Na¬ 
tional Science Foundation enableil Dr. David Nicol, associate curator 
of invertebrate paleontology, to conduct marine fieklwork at tho 
Bermuda Biological Station during July 1950, He collected recent 
and fossil tnolluskn, gorgoniana, Fora mini form, and fishes. Dr. Nieoi 
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studied the Paleozoic pelecypods at the Museum of Paleontology, 
University of Michigan, June 9-14, 1957. 

The Walcott bequest also provided funds for Dr. A. B. Loeblich, Jr., 
associate curator of invertebrate paleontology, and Dr. Huns BolH 
of Pomtc-i-Pierre, Trinidad, W. 3., to study the Cretaceous-Tertiary 
boundary in Alabama and Texas and to collect foraminiferal samples 
during July 1956. Tho Planktonic Foramini feral Project Fund ii- 
nanced Dr. Loeblich’g trip to Houston, Tex., during November 1056 
to obtain ■well cores from the subsurface Miocene of lexas and south¬ 
ern Louisiana from the Ilumble Oil Co., and to Now Orleans for con¬ 
sultations regarding similar materials with geologists of other oil 
companies. In furtherance of the same project Dr. Ixiebiich partici¬ 
pated in a symposium on biostratigraphy at St. Louis, Mo., during 
April 1957. . 

The exhibition and development programs for the Museum of His¬ 
tory and Technology and the Museum of Natural History necessi¬ 
tated conferences with historians, scientists, and educators relative to 
the planning and designing of interiors and contents of exhibition 
halls. Travel to determine the worth of materials offered to the mu¬ 
seum, to examine methods of exhibition and to consult with experts on 
preservation provided the opportunity for new staff members to 
become familiar with the practices and procedures employed in other 


museums. 

l>r Robert p Multhauf, acting head curator of engineering and 
industries, conferred on October a and 3, 195G, with officials of the 
Dell Telephone Laboratories at Murray Hill, N. J., and New Isork 
City on tho design of the exhibit of tho telephone in preparation for 
instaUation in the museum. Late in December 1956, he examined 
exhibition practices in the Museum of the New York Historical 
Society, the Museum of Modern Art, Whitney Museum, Museum of 
Contemporary Crafts, and the commercial exhibits at Rockefeller 
Center, all in New York City. At the request of the chairman of the 
Crystals Section of the Committee for the Brussels Worlds Fair of 
1053 and the Department of State, he participated in the conference 
held at Chicago on January 14, 1957. On the two following days he 
visited the Chicago Museum of Science and Industry to study the 
commercial displays and the Chicago Museum of Natural History to 
examine exhibit practices employed in the current renovation 

P During the period from March 26 to April % 1957, Dr. Derek J. 
Price, consultant to the department of engineering, in his search for 
suitable nineteenth-century chemical and physical laboratory- ap¬ 
paratus to illustrate the history and principles of thesei sciences i in the 
displays now being planned for new exhibit halls, conferred with the 
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staffs of the respective departments of the universities of Mississippi, 
South Carolina, and North Carolina, On April 15-17, 11)57, he ex¬ 
amined the collection of astrolabes, sundials, and other antique instru¬ 
ments now owned by Eugene Hoffman and Hiss Margaret Hoffman, 
New York City, and studied the Samuel V, Hoffman collection of in¬ 
struments at tlie Museum of tho New York Historical Society. 

On May 24,1057, Dr. Price examined physical apparatus, including 
some 20 pieces said to hare been made or used by Secretary Joseph 
Homy, housed in the Palmer Physical Laboratory of Princeton Uni¬ 
versity. Through the kindness of L, C. Eidiner, he was enabled to 
see the workshop machinery used by Henry Fitz, one of the earliest 
and most important astronomical telescope makers in this country, 
and now in the possession of his granddaughter, Mrs. Willard II, 
Howell of Southold, L. I. Sufficient material has been preserved to 
permit a restoration of the original shop in the proposed Hall of 
Physics, 

Enquiries relative to the existence of early scientific instruments 
were made April 30-May 12,1957, by Dr. Price at the University of 
Chicago, Museum of Science and Industry, Argonne Atomic Labora¬ 
tories, and tho Adler Planetarium in Chicago, and the University of 
Wisconsin, Madison, Wis. Among the items of especial interest ex¬ 
amined were Italian and Danish facsimiles of important historic 
instruments made for the Century of Progress Exposition (1933- 
34) which are now mostly in storage, A continuous search is being 
made for historic instruments illustrating the important develop¬ 
ments in experimental physics and in astronomy. 

The recent renovation of the exhibition halls of the Wist nr Institute 
Museum, Philadelphia, was examined by Frank A. Taylor, Assistant 
Director, on May 29, 1957. He paid particular attention to the 
techniques utilized for improvement of the exhibits. 

To locate significant early types of tools us well as information re¬ 
garding their inventors and their manufacturers, Robert S. Wood¬ 
bury, curator of engineering, visited manufacturing firms, institutes, 
and museums in Providence, Worcester, Stuihridge, Cambridge, and 
New Haven, July 27 to August 1,1950. A number of individuals in¬ 
terested in the history of tools were consulted, most of whom indi¬ 
cated a desire to assist in the program. Machine tools and machine 
shops in the Greenfield Village and tho Ford Museum at Dearborn, 
Mich., were studied by Curator Woodbury during August 195G. 

Inspection of tho 1ST4 machine shop exhibited by the Cincinnati 
Milling Machine Co., the machine-tool exhibits of tho Chicago 
Museum of Science and Industry, and the automated foundry of the 
Ford engine plant at Cleveland was undertaken from February 11 to 
14, 1957. Plans for tho hall of tools in the Museum of History and 
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Technology were discussed March 25—28 by Mr. Woodbury with 
Joseph W Roe at Soulhport, Conn,, and individuals acquainted with 
the Towno Foundation which sponsored the Museum of Peaceful 
Arts in New York City. Tentative negotiations were made by Cura* 
tor Woodbury April 22-27,1957, to obtain documentary data and ex¬ 
amples of early grinding and milling mac!lines from the Abrasive 
Machine Tool Co., Providence: the Norton Co., Worcester; the Fellows 
Gear Simper, Springfield; Lamson and Goodnow, Shelburne Falls; 
the Hartford Machine Screw Co.; and the Crydcr Plumbing Co., 
Newark, 

Edwin A. Battison, associate curator of light machinery, was en¬ 
gaged from November 11 to 21, 195(5, in the examination and study 
of historical hofologicnl aud btisiness*machine collections tn 1\ c*t 
Chester, Ta., Clifton, X. J., New York City, South Kent, Watcrbury, 
East Hartford, and New london, Conn., and Monson, Craft on, 
Milton, Waltham, Aulmmdalc, and Boston, Mass. The period from 
February 19 to 22,1957, was utilized by Mr. Battison to examine and 
study the clock, watch, lock, and calculating-mad tine exhibits and 
collections located in the ofiices of manufacturing firms, individuals, 
and institutions in New London and New Haven, Conn. Mr. Bat¬ 
tison visited a number of dealers in New 7 ork City in search of old 
and unusual docks and watches for the exhibit series on May 2,195*, 
and examined many early European watches belonging to the Metro¬ 
politan Museum of Art. 

Potential donations from the Massachusetts Institute of Technology 
and Harvard University of electrical equipment were discussed with 
responsible officials, November 7-19, 1950, by IV. James King, nsso 
date curator of electricity. Ho visited the Franklin Institute, Phila¬ 
delphia, December 11-12,195(5, to examine the technique employed in 
the display of electrical equipment and studied display techniques 
utilized for communication apparatus in the Museum of the Signal 
Corps, U. S. Army, at Fort Monmouth, N. J. Ho also inspected the 
technical relics of Edison exhibited In the Edison Lahorato^ Nutmna 
Monument, West Orange, N- J., as well as displays in the museums of 
New York City, December 2«*-31,1956. He held discussions with in¬ 
dividuals familiar with the early history of radio and other electrical 
devices, February 10-15,1957, at Norwalk and Stamford ( onn.. and at 
Troy and Schenectady, X. Y. At the Rensselaer Polytechnic Institute, 
Troy, he reviewed several pieces of laboratory^ equipment for possible 
presentation, Cottflidarataon was given by (tic Genera „ ec ric c 
search Laboratory. Sdumectady, to the transfer of rartam oo model 
pieces of equipment for the display series. Furttor eons.ll.bou. 
with Ihe spiffs of the departments of meeh.me.1 ami ™ 

gme^ring of the Miissaduisetts Institute of Technolog) on . t < 1 
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1957, did not reveal the existence of immediately available electrical 
power machinery. 

At Schenectady, May 14-17,1957, Hr. King was shown historical!} 
interesting vacuum tubes and also received three magnetrons from the 
General Electric Research Laboratory. Dr. Irving Langmuir and 
Dr. W. D. Coolidge gave particularly helpful advice. Consultations 
were held with officials of the physics and electrical engineering de¬ 
partments of Union College regarding possible donations of apparatus. 
From E. F. Henneliy, he obtained Dr, Albert W. Hull's kenopliotron, 
the first radio receiver using 66-cyclc power only. 

Kenneth M. Ferry, associate curator of marine transportation, 
visited, August 20-20, 1956, the Marine Museum of Seaman’s Church 
Institute, New York City; the Marine Historical Society's “Mystic 
Seaport," Mystic, Conn.; the Russell Hart Nautical Museum, Cam¬ 
bridge; the Penobscot Marine Museum, Seursport, Maine; the Old 
Dartmouth Historical Society and Jonathan Bourne Whaling Mu¬ 
seum, New Bedford; the Whaling Museum of the Nantucket Historical 
Society; and the hall of marine transportation in the Franklin In¬ 
stitute, Philadelphia. During the period December 17-19 ho inspected 
the watercraft collection of the Mariner’s Museum at Newport News, 
Va. 

Leslie J. Newville, engineering division, examined extensive docu¬ 
mentary material relating to the development of phonographs in the 
possession of the Radio Corporation of America at the Camden and 
Cherry Hill plants, as well as at the Edison Laboratory National 
Monument, West Orange, N, J,, from October 17 to 19,1956. 

Philip W. Bishop, curator of industrial cooperation, studied the 
principal exhibits in the Franklin Institute relating to the practical 
appl icat ions of science, No vemher 23-24,1956. At the invitation of the 
Bethlehem Steel Co., Messrs, Bishop, Woodbury, Battison, and Perry 
visited, on April 16,1957, the Sparrows Point Plant in Maryland for 
a guided tour of the operations of the blast furnace, open hearth shops, 
Bessemer converters, slab mill, hot and cold continuous strip mills, and 
the galvanizing and tinning plants. Curator Bishop on April 29,1957, 
consulted material in the libraries of the Engineers Societies of New 
York and the American Society of Civil Engineers to obtain docu¬ 
mentary data required for the cataloging of the engineering drawings 
of Alexander Lyman Holley. 

Data and ideas useful in the planning for the graphic arts displays 
in the projected exhibit halls of the Museum of History and Tech- 
nology were obtained by Jacob Kainen, curator of graphic arts, on a 
European trip extending from September 7 to 30, 195G. The museums 
he visited featured either science and technology or graphic arts, or 
fine and decorative arts. The exhibits were chiefly technological in 
Teyler s Museum, Haarlem; Museum for the History of Physical 
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Sciences, Leiden; Deutsches Museum*Munich; Museo Nazionale della 
Science e della Tecnica, Lilian; and Museo di Storia della Science, 
Florence. lie studied exhibit techniques for the display of graphic 
arts in the print rooms of the Rijksmuseum and the Gemeente ^Mu¬ 
seum* Amsterdam; the Print Cabinet of Boysnans Museum, Rotter¬ 
dam; the Plantin-Moretus Museum and Prenten Cabinet, Antwerp; 
the Cabinet des Estampes, RibliotMque Roy ale, Brussels; the Gruph- 
ische Sammlung, Munich; the Gabinetto dei Defiegni e Stampi, Uffizi 
Gallery! Florence; and the Gabinetto Nazionale della Stampi, Rome, 
Most of these institutions serve as research centers for schol&ts* 1 n the 
museums featuring decorative arts, such as Die Neuo Sammlung, 
Munich, and the Bavarian National Museum, .Munich, contemporary 
display techniques were employed. 

Edward C. Kendall, associate curator of manufactures and agri¬ 
cultural industries, on March 0-10, HM$7, examined the Laucks col¬ 
lection of farm equipment belonging to the York County Historical 
Society at Lancaster, Pa., and the Pennsylvania Farm Museum of 
Landis Valley with a view of locating duplicate equipment suitable 
for display purposes. An old Pennsylvania plow dating from at least 
1807 was presented by Daniel G. H. Lesher of Waynesboro, Fa. Ten¬ 
tative arrangements for obtaining duplicate examples of farm equip¬ 
ment in the possession of the Now York State Historical Association 
at the Parmer's Museum, Cooperstown, were made by Mr* Kendall, 
March 31- April 3,1957* 

Miss Grace L. Rogers, assistant curator of textiles, studied exhibit 
techniques and methods of portraying the crafts of primitive man, es¬ 
pecially those of spinning and weaving, at the American Museum of 
Natural History and the exhibit on printing fabrics in the Cooper 
Union Museum* Effective exhibit techniques were observed in the 
display of summer and other fabrics at the S ala in and re Museum of 
Textiles and at the Museum of Modern Art, New \ ork City. Meth¬ 
ods of cataloging and storage of textiles utilised in the I extile Study 
Room of the Metropolitan Museum of Art were particularly instruc¬ 
tive* This v isU extended from August 27 to 3 l t 195H 

At the County Court House, Savannah, Ga, T Miss Rogers searched 
the circuit court records from 1796 to 1812 for information oti the 
trials pertaining to Eli Whitney and the cotton gin. Valuable as¬ 
sistance was given by Mi's, Hawes of the Georgia Historical Society* 
Miss Roger* also examined the textile collections of the Telfair Acad¬ 
emy of Arts and Science and the Charleston Museum and the facili¬ 
ties for storage of textiles at Colonial Williamsburg, March 11 iuid 
16,1957, and consulted with Arthur K Wulbchleger, New 1 ork City, 
on April 11-12,1957, regarding the assembly of an old Jacquard loom 
that be had purchased in France as a gift to the museum. 
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George Griffenhagen, curator of medicine and public health, Sep- 
tember 8-15,1950, discussed dental history exhibits, apothecary shop 
restorations, and pharmaceutical antiques with officials of the Charles 
H. Land Museum and the Columbia University College of Pharmacy 
in New York City, the owners of collections in Bridgeport and 
Newton, Conn., the Beverly Historical Society and the Essex Institute, 
Salem, Mass., the Albany, N. Y., College of Pharmacy, the Coopera- 
town Farmer’s Museum, the Rochester Museum of Arts and Sciences, 
and the Buffalo Historical Society. At Jamestown and Colonial 
Williamsburg on October 30,195(5, he examined early English delft 
and glass drug containers and devoted December 10-12 to a review of 
the Ephraim McDowell Medical Museum in Danville, Ivy., and to 
conferences relative to the apothecary shop restoration planned for 
this museum. Ho held conferences relating to the Hall of Health 
with medical historians in New York City, December 26-28, 1956. 
As executive Secratary of the Fourth Pan American Congress of 
Pharmacy and Biochemistry, Mr. Gritfcnhugon undertook a 3-week 
trip through Latin America, which required stops in Venezuela, Bra¬ 
zil, Peru, Ecuador, Panama, Costa Rica, and Cuba, which afforded 
an opportunity to examine collections of pharmaceutical antiques in 
Rio do Janeiro and Lima. He studied ceramic drug jars at the School 
of Pharmacy Museum, Minneapolis, and the pediatric and medical 
antiques at the Canadian Academy of the History of Pharmacy, To¬ 
ronto, April 1-6,1957. 

Mr. Griffenhugun displayed panels to be shown in the new Hall of 
Health at the meeting of the American Association of Anat¬ 
omists, Baltimore, April 16-19, 1957. He held consultations relative 
to the donation of ceramic apothecary jars by the Bristol-Myers Co., 
the possible participation by Schenley Laboratories in the restora¬ 
tion of “Americana Pharmacy,” and the content of the I fall of Dental 
History with representatives of the American Academy of History 
of Dentistry, April 30-May 2, 1957, at New York City. 

Mendel L. Peterson, acting head curator of history, studied the 
military collections at the Chapel Museum, Fort Jay, and Castle 
William on Governors Island, as well as the Cooper Union Museum 
and the Marine collections of the Seaman’s Bank of Savings, New 
York City. At Boston lie visited the Old State House, the Frigate 
Constitution, the Bunker Hill site, Old North Church, and Old South 
Church. This travel extended from April 15 to 17,1957. 

Franklin R. Bruns, Jr., curator of philately and postal history, 
consulted donors and potential donors to the national stamp collec¬ 
tions at New York City, October 8-9,1956, at Princeton, N, J., April 
19, Detroit, May I, and Chicago, May 2,1907. 

To observe European museum practices, exhibition techniques, aud 
the content of military collections for the advancement of planning 
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the displays in the Museum of History and Technology, Edgar M. 
Howell, acting curator of military history, departed from Wash¬ 
ington on May 3,1957, In the course of this travel he took extensive 
notes and photographs of military collections at Madrid, Spain; Faris, 
Franco; Vienna, Austria; Brussels, Belgium; Amsterdam, The 
Netherlands; Oslo, Norway; Stockholm, Sweden; Copenhagen, Den¬ 
mark; London, England; and Edinburgh, Scotland. This detail was 
completed June 6,1957. 

Dr. V. Chin-Stcfanelli, curator of numismatics, November 23-25, 
1957, discussed types of display coses, cabinets for study collections 
of coins, medals, and paper currency, and display methods for numis¬ 
matics in New York City with officials of the American Numismatic 
Society, the Money Museum of Chase National Bank, and the Metro¬ 
politan Museum of Art. On April 12,1957, he conferred with Julius 
Lauth of the Medal lie Art Co. relative to a medal exhibit illustrating 
the manufacturing processes, artists’ drawings and models, and en¬ 
gravers 1 tools, and with Ernest Moore of the Gorham Co. regarding 
production of coins and medals. Potential donations and transfers 
were discussed with several numismatists. At Clinton, Conn., 
William Hasso, Comptroller of the New Haven Bank, presented a 
number of early New Haven checks and promised help in obtaining 
notes, plate proofs, and copper currency plates for the national col¬ 
lections. Sources of information regarding Confederate note issues 
were suggested by Philip Chase of Wynne wood. Pa., May 11, 1957. 
Mr. Chase decided to present a set of Confederate chcmiograph plates. 

William L. Brown, chief zoological exhibits specialist, and Norman 
H. Deaton examined tho skeletons of elephants in the collections of 
the American Museum of Natural History, and living animals at the 
New York Zoological Park to obtain required measurements and data 
for the preparation of an unusually large specimen from Angola for 
exhibition. 

exhibitions 


A congressional allotment of $601,000 permitted continuation in 
1957 of the program for modernization of selected exhibition halls. 
Construction work was completed during August 1956 on the Power 
Hall, during Januarv 1957 on the American Indian Hall, and during 
June 1957 on the Health Hall. Construction bids were received for 
the Gems and Minerals Hall in January 1957, tho World of Mammals 
in Mav 1957, and the Textile Hall in Jone 195 <. Actual construction 
was commenced in these halls approximately one mouth after the bids 

we re approved by the Pub! ic Buildings Service. 

More than SCO guests were present on the night of January 2M&57, 
when Dr. Leonard Carmichael, Secretary of the Srmtlisonian Institu¬ 
tion, and Mrs. Arthur M. Greenwood opened the Hall of Everyday 
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Life in Early America, Home furnishings, tools, crafts, and arts of 
early settlers are displayed to illustrate the many elements in the do¬ 
mestic and community life of the period. 

Secretary Carmichael and Dr Melville Bell Grosvenor, President, 
of the National Geographic Society and grandson of Alexander 
Graham Bell, during the morning of March 11, 1957, invited the 
visiting public to view the recently completed exhibit produced and 
presented by the Bell System and the independent telephone industry 
to illustrate the invention and development of the equipment required 
for the operation of a modern telephone system. 

On March 27, 1957, Dr. Carmichael and Dr. Robert P, Multhauf 
formally opened the Hall of Power Machinery. In this hall, moving 
engines and models, murals, diagrams, and schematic mechanisms are 
displayed to show technological development from primitive wind- and 
water-powered machines to the steam and gas turbines* 

The recently completed Hall of North American Mammals was 
viewed by a number of guests on April 30,19S7, following a brief cere¬ 
mony at which the contributions to mammalogical research by the staff 
of the Institution during the preceding 100 years were reviewed by 
Dr* Carmichael and Dr* Kellogg, In this hall 12 habitat groups with 
scenic mural backgrounds present the larger native maimnals of major 
importance to the American pioneer. 

During the year seven new exhibit units were completed for installa¬ 
tion in the recently constructed North American Indian Hall, in which 
life-size ethnic groups will depict the everyday activities and the cul¬ 
tures of the Indians of eastern, central, and northern United States, 
Canada, and Alaska, and of the Eskimo tribes of the Arctic regions* 
Two Egyptian bull mummies installed in the Hall of Old World 
Archeology seem to be especially interesting to school children. Tem¬ 
porary revisions have been made in the North American Archeology 
halls* 

Detailed plans for the two halls of the World of Mammals were 
carried forward by Dr. Henry W* Setzer, associate curator of mam¬ 
mals, Progress w as made in the planning for the marine exhibits that 
will occupy the large central hall of the west wing of the Natural 
History Building. 

A series of dioramas of fossil marine life will be shown in the Hall 
of Invertebrate Paleontology. Two of the completed dioramas recon¬ 
struct the life present on sea bottoms during the Middle Cambrian 
and Permian time* Construction work on the Gem and Mineral Hall 
required removal of the materials heretofore exhibited there. A part 
of the popular gam collection was placed temporarily on exhibition on 
the first floor near the rotunda. Plans for the Hall of Lower Verte¬ 
brates were revised to provide display space for newly acquired mate- 
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rials. Restoration of a number of fossil fishes and tctrapods has been 
completed for the exhibit series. 

Work began on the renovation of the graphic-arts exhibits illustrat¬ 
ing the history and methods of fine printmuking. Arrangements were 
made with prominent artists for exhibits illustrating the history and 
methods of printmaking. A number of important prints by some of 
the earlier artists were acquired for the exhibit series, Exhibits on 
camera lenses^ instantaneous photography, and camera shutters were 
installed in the refurbished photography gallery. This gallery is also 
utilized as a photographic-print salon for special exhibitions of the 
work of present-day photographers, 

The new Hall of Health is nearing completion. Plans for the 
modernized textile hall have been completed. Improvements hare 
been made in tho automobile hull. A rearrangement of reconditioned 
time-keeping instruments has greatly improved the attractiveness of 


this exhibit. 

Work on an exhibit illustrating the history of the United States 
Army was advanced by the installation of weapons, models, and dio¬ 
ramas, Progress was made on the renovation of the exhibit comprised 
chiefly of the New England Copp family collections of household 
furnishings and personal effects. More than 100 exhibition frames of 
stamps were renovated. Special exhibits comprising old campaign 
buttons, torchlights, parade costumes, election souvenirs, banners, in¬ 
augural medals and inaugural programs were arranged for display at 
tile time of the national elections mid the presidential inauguration. 

Eight exhibition halls had been completed for viewing by the visit¬ 
ing public at the dose of the fourth year of the continuing program for 
the modernization of the Smithsonian exhibits. Following prepara¬ 
tion of the original narrative scripts and selection of objects by tlie 
curators, the museum's exhibits designers and preparatory, in consulta¬ 
tion with the curators involved, design the hall layouts and construct 
the individual exhibits. As many as 50 topics have been presented in 
one exhibition hall. That tho modernization program has proceeded 
smoothly and effectively is shown by the encouraging public response 
to these new* exhibits. 

The educational program of volunteer docent guide service con¬ 
ducted with the cooperative assistance of the Junior Learie °f " 
ington for the benefit of the schoolchildren of Greater IV ashington, 
im continued with success. The work remams under the immediate 
supervision of Frank M. Setzler, head curator of the department of 
anthropology, together with Mrs. Robert Nelson and Mrs Alexander 
Chilton, of tho Junior league, who helped to organize the P™i™m 
tmd made the arrangements with the teachers for the docent service. 
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During the past school term 116 tours were conducted, the docents 
escorting in all 3^050 children through the exhibit halls of the Amer¬ 
ican Indians and the First Ladies of the White House, Counting 
those from last year, a grand total of 7,556 children have thus far 
been escorted. The tours were conducted Monday through Saturday 
by Mrs, G. E. Brown, Mrs. Alexander Chilton, Mrs. Walter Graves, 
Mrs. Edward Lament, Mrs, William McClure, Mrs. Robert McCor¬ 
mick, Mis. Peter Macdonald, Mss. John Manfuso, Mrs. Robert Kelson, 
Mrs. Bolling Powell Mrs. Jay B. L, Reeves, Mrs. John Schoenfeld, 
Mrs. E. T + Stirling, Mrs. Richard Wallis, and Mrs. George Wyeth. 

The number of schoolchildren thus far accommodated is gratifying, 
yet it is only a small percentage of the number who come to the 
Museum from all States of the Union to visit the Museum. The 
numerous requests for this type of service only accentuate the acute 
need for an expanded program. The Junior League of Washington 
is enthusiastic about continuing this volunteer service and intends to 
expand it next year to include two more exhibition halls that have 
recently been opened. Everyday Life in Early America and the 
Power Hall. 

VISITORS 

During the fiscal year 1957 there were 4,076,908 visitors to the 
Museum buildings, an increase of 556,802 over the attendance for 1956, 
The average daily number of visitors was 11,614. On one day, May 
4, 1957, 73,141 visitors were recorded. Attendance records for the 
three buildings show the following numbers of visitors: Smithsonian 
Building, 791,668; Arts and Industries Building, 2,125,198; and Nat¬ 
ural History Building, 1,160,041+ March 1957 was the month of the 
largest attendance with 623,502 visitors; April 1957 was the next 
largest with 570,425; and August 1956 was third with 551,394. In¬ 
cluded in this total are 370,034 schoolchildren, who arrived in 9,193 
separate groups, 

BU1LDLNCS AND EQUIPMENT 

^ The architects of the new building for the Museum of History and 
T ethnology completed their studies for the exterior design of the 
building and submitted diagrammatic plans in accordance with the 
estimated schedule for their work. The design they favored was 
voted the preference of tile Joint Congressional Committee on Con¬ 
struction of a Building for a Museum of History and Technology for 
the Smithsonian Institution. The Committee so advised the Regents 
of the Smithsonian Institution, and the Regents voted unanimously 
to adopt the preferred design* Upon the completion of the diagram¬ 
matic plans, the architects and the Public Buildings Service made 
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detailed estimates of the cost to construct the building. These esti¬ 
mates disclosed, that the building, if built within the appropriation, 
would be much smaller than the size of the building that had boon 
determined to be required for the needs of the Smithsonian and upon 
which the original estimates for the appropriation were made. This 
development was brought to the attention of the Joint- Committee and 
the Board of Regents, The objective was to determine the size of 
the largest operable building that could be built with the. appropiiated 
funds. At the end of the year, the question of determining the basis 
on which it would be necessary to proceed was under discussion, 1 an ■ 
ning of the interior of the building by the Smithsonian staff continued 
during the year. This is described in part under the section on 
exhibits. 

Planning for the additions to the Natural History Building con¬ 
tinued throughout the year. A committee of Smithsonian staiT mem¬ 
bers appointed by the Director reviewed the previous planning, as¬ 
sembled the latest data on the requirements of the scientific and service 
divisions, and studied all the proposals for facilities and equipment m 
the additions, A thoroughly prepared program of the requirements 
will be available for the guidance of the architects. Dr, * . ^ , e 

Stewart is chairman of the committee, Funds for planning t le a* ( 1 
Hons, including the preparation of working drawings and speci icii 
tions, were appropriated by the Congress at the turn of the I if* a j eai, 


CHANGES TN ORGANIZATION AND STAFF 

After nearly 50 years of government service, of which 49 years and 
6 months were with the Smithsonian Institution, Dr. Maltlo l* 
Schmitt, head curator of zoology’, haring reached the mandatory re¬ 
tirement age, was placed on the retired roll on June 30,195T. 

Smith H. Oliver, associate curator of land transportation and horol¬ 
ogy, resigned July 13, 1956. On July 21, 1956, Dr. Ernest R. Sohns, 
associate curator of grasses since 1951, transferred to the Department 
of Defense. Dr. A. C. Smith, curator of phanerogams snu-e 1946, 
resigned on August 19, 1956, to accept a position with the hational 
Science Foundation. Dr. A. JL Doeblich, Jr associate mtor of in¬ 
vertebrate paleontology, resigned June 38,1957, to join the rrsearel 

staff of the California Research Corporation. . , 

In the department of zoology, Dr. Ralph E. Crobiti, Jr., accept^ an 
appointment as associate curator of msec s on ^ e Pc ^ 
and TV111iam R. Taylor as associate curator of fishes on December ., 

T; Saul H. Ricsenberg on August 7,1956, was appointed to the 
associate curator vacancy in ethnology. 
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The vacancy resulting from the death of Dr. ’William F, Foshag was 
filled July 16,1956, by the promotion of Dr, G- Arthur Cooper to head 
curator of the department of geology. 

In the department of botany, Dr. Lyman B. Smith was promoted to 
curator of phanerogams effective August 20, 1956, Dr. Richard S. 
Cowan was appointed associate curator of phanerogams on May 1, 
1957, and Dr. Mason E. Hale, Jr., as associate curator of cryptogams 
on June 17,1957. 

Vacancies in the department of engineering and industries were 
filled by the appointment of Dr, Robert S, Woodbury as curator of 
mechanical and civil engineering July 9,1956, of Edwin A. Battison 
as associate curator of light machinery July 19, 1956, of Dr. Philip 
W, Bishop as curator of industrial cooperation October 1, 1956, and 
of Dr. Derek J. Price as consultant on the history of science, particu¬ 
larly scientific instruments January 7,195T. 

Dr. Philip W. Bishop on May 15, 1957, was designated acting head 
curator of the department of arts and manufactures as a result of 
tho reorganization of the former department of engineering and in¬ 
dustries. Dr, Robert P. Multhauf will serve as head curator of the 
department of science and technology. 

Vacancies in the department of history were filled by the appoint¬ 
ment of Edgar M, Howell on September 10, 1956, as acting curator 
of military history and of Dr. Vladimir Clain-Stefanelli on October 1, 
1956, as curator of numismatics, Mrs. Anne W. Murray was reas¬ 
signed to servo as assistant curator of civil history July 17, 1956. 
Mendel L. Peterson, acting bead curator of the former department 
of history, became, effective November 13, 1956, head curator of the 
department of armed forces history. Dr. Brooke Hindle agreed to 
serve as consultant on the planning for the historical exhibits on March 
13,1957. 

Robert Sterling Clark, 79, art leader and sportsman, died December 
29,1956, at WUliamstown, Mass. He founded the Sterling and Fran- 
cine Clark Art Institute, which opened in May 1954 at Williams town. 
Clark, a collaborator in zoology' since 1929, engaged Arthur de Carle 
Sowerby in 1909 for a 3-year period to accompany him as naturalist 
of a scientific and geological expedition into northwestern China, and 
subsequently financed the latter’s collecting expeditions for the next 
20 years, 1 ho zoological specimens were sent to the National Museum. 

Stuart Hoffman Perry, 88, associate in mineralogy since April 1, 
1940, died at Tucson, Aria., February 15,1957. Mr. Perry, a generous 
donor of meteorites and fossils to the national collections, received the 
G, Lawrence Smith medal from the National Academy of Sciences in 
1946, He was the author of United States National Museum Bulletin 
184, "The Metallography of Meteoric Iron.” 
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Dr Adam G. Boving, 87, associate in zoology since 1939, died at his 
horn, in Washington, D. C„ on March 16, 19W. Dr. M(n°™ 
of the pioneers and world authorities on beetle larvae, tjnti us 
retirement in 1945 he had been employed since 1913 as an entomologist 
by the U. S. Department of Agriculture. 

’ Robert A. Cushman, 77, assistant custodian of Hymcnoptera since 
1927, died at Aitadena, Calif, on March 27,1957. Coshnmn was ap¬ 
pointed entomologist in 1906 in the U. S. Departmen o ' 
and remained in that organization until he retired for health reasons 
in 1944. He published many significant articles dealing with * - 
classification of parasitic Ilymenoptera. 

Respectfully submitted. —. . 

Remington Kellogg, Director. 


Dr. Leonard Carxicuaex, 

Secretary^ Smithsonian Institution. 
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Report on the Bureau of American 
Ethnology 


Sin: I have the honor to submit the following report on the field 
researches, office work, and other operations of the Bureau of Ameri¬ 
can Ethnology during the fiscal year ended .June 30, 1037, conducted 
in accordance with the act of Congress of April 10, 1028, as amended 
August 22,104D, which directs the Bureau “to continue independently 
oi in cooperation anthropological researches among the American 
Indians and (he natives of lands under the jurisdiction or protection 
of the T.nitcd states and the excavation and preservation of archeo- 
logic remains.” 

SYSTEMATIC RESEARCHES 


Dr. M, IV- Stirling, Director of the Bureau, spent the period Febru¬ 
ary 4 to May 10 conducting an archeological reconnaissance in Ecuador 
under the joint auspices of the National Geographic Society and the 
Smithsonian Institution, Assisting in the work were Mrs, Stirling 
and cod bridge Williams, National Geographic Society photog¬ 

rapher. Duriug the couree of the expedition the party saw all the 
major archeological collections in the country. They made test exca¬ 
vations at various places on the coast of Esmerahlas and Manabi and 
urmg April 3 to April 17 conducted a stratigraphic excavation at 
Iarciui, near Manta. The cultural deposits reached a depth of 15 
feet.. Although detailed study of the abundant material recovered 
remains to !« done, the site evidently belongs to the late Formative 
cnof, Other places of interest visited during the reconnaissance 
were the Island of Santa Clara, the Inca ruin of Ingapirca, and the 
famous archeological site of La Tolitn on the northern coast, On 
the east side of the Andes several mound groups were discovered on 
the 1 astaza River in the vicinity of Puyo and Shell Mem. The work 
was accomplished with the permission and cordial cooperation of the 
Ecuadorean Casa do la Culture. The expedition is particularly in¬ 
debted to Carlos Zevallos Mcnendez, head of the Casa de la Culture in 

Guayaquil, and to Emilio Estrada of Guayaquil for their whole¬ 
hearted assistance. 

Dr. Frank II. H. Roberts, Jr., Associate Director of the Bureau, 
devoted most of lus time to duties pertaining to the management of 
tlioR.vor Basm Surveys, of which he is Director (see his report, 
p. 44). Enrlj in July he made an inspection trip to a field party 
40 
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-working ill the Laiwwdl Reservoir area on White Rock Creek in 
Kansas, and to parties working in the vicinity of 
attended and participated in the sessions of the Fifth Internationa 
Congress for Anthropological and Etl.nologrcal Sciences held a 
Philadelphia, Pa., in September. During the fall and w inter months 
lie reviewed and revised a number of manuscript reports on the> resu . * 
of investigations in several areas. In November he visited the he d 
office and laboratory of the River Basin Surveys at Lincoln, 1 c -i 
and presided over one of the sessions of the IRh CmteTWcz f 
Plains Archeology- At the end of April Dr. Roberts went to Dmcoli 
to assist in preparing plans for the coming held season and to take part 
in a meeting of the Missouri Basin Inter-Agency Committee wi _ 
convened ttom on May 1. From Lincoln he went to 
attend the annual meeting of the Society of American 
to discuss problems concerning the Inter-Agency Salvage 1 .ogram 
with archeologists present there. He returned to Lincoln later u 
May to confer with members of the field stall on the of the 

mer fieldwork and attended sessions of ^ annual ^ 
American Association of Museums being held there. E J _ 
he visited a field party that was excavating sites m the To 
Reservoir area on the Verdigris River in southeastern Kw-fcM 
the close of the fiscal year Dr. Roberts was m the ^£***%g£ 
At the beginning of the fiscal year Dr. Henry B. ^ 

pologist, was in Europe studying museum collections of Meso * 
materials for their possible bearing on Eskimo The 

study was supported by a grant from the Amen^ M^^ 
Soci'ety. The need for such a study arose from the ^et t-hat 

excavations at early Eskimo and pre-Eskimo sites in t t™im Hr to 
vml Greenland have revealed a number of implement types similar to 
SiSSSSSSSand early Neolithic cultures of Eurasia, lending 
to piS Jiwta.th*t **“ culture -to^.callycf 

Mesolithic origin. Prominent among tha AroUc “ f 

lithic affinitiee is the early Dorset culture site TV»n !MUthsmpton 

lithie implements fcom ”"tcU ns“'the"African 

me^iilftoc Su (Ketural History), 

ton At CmnhvUge he discussed MetoUto.cptobiem.wutol^^O- 

Clark and examined the collection*, mainly „,d 



able through the courtesy oi tnc "J™ \7crn Dr. Hims-Gcmg Bundi 
the Bernisches Ilistortsches Mia»e > 1 
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showed Dr, Collins the materials from a stratified cave near Basel, 
where Tardenoisian was found overlying the older Sauveterrien, and 
Dr. R. Wyas showed him materials, now in process of publication, from 
early Mesolithic sites in the vicinity of Scluitz, Canton Luzern. Drs. 
L. \ pgt and Joseph Speck made available the extensive Mesolithic and 
Neolithic study materials in the Schweizer Landes museum, Zurich, 
and Museum fur Urgeschichte, Zug, Other Swiss museums in which 
similar collections ivere studied were the Musdo d’Art et d'Histoire, 
Fribourg; Museum Schwab in Biel; Ilehnatmuscum, Rorschach; 
Musce d Art et d’Histoire de Geneve; Historischea Museum, St. 
Gallon; Historischea -Museum, Baden; Gtetschergarten Museum, 
Luzern; Musre Aichfiologique et Historique, Lausanne; and Heimat- 
museum, Schiitz. . I he extensive Mesolithic collections from Scandi¬ 
navia in the National Museum, Copenhagen, were examined during 
the time Dr. Collins was there as a delegate to the 32d Session of the 
International Congress of Americanists. At the Museum of Far East 
Antiquities in Stockholm, through the kindness of Drs. Karlgren and 
Sommeistram, lie was able to study the rich collection of artifacts 
from Mesolithic ant! Neolithic sites in Inner Mongolia obtained by 
the late Dr. Folke Bergman, archeologist of the Sven Hedin Expedi¬ 
tion. Th* firsthand knowledge of the Mesolithic materials from 
Eurasia gamed from the museum survey will make possible a more 
precise evaluation of the relationship between the Old World Meso¬ 
lithic and the early Eskimo and pre-Eskimo cultures of the American 
Arctic. The results will be incorporated in reports describing and 
interpreting the Arctic materials, including those excavated on South¬ 
ampton Island in 1054 and 1955. 

Preliminary reports on the early Dorset materials from Southamp¬ 
ton Island have been published in the Annual Report of the National 
Museum of Canada and in Anthropological Papers of the University 
of Alaska. A popular article on the work was published in the Na¬ 
tional Geographic Magazine for November 195G, and a general article 
on the same subject appeared in the Smithsonian Annual Report for 
™ Eskimo archeology was prepared for the next 
edition of the Encyclopaedia Britannica. Dr. Collins continued to 
serve as chairman of the directing committee of Arctic Bibliography, 
an annotated and indexed bibliography of Arctic publications in all 
ie t s of science, which is being prepared for the Department of De¬ 
fense by the Arctic Institute of North America. Volume 7 of the 

lAw 1S T^ hy ?“ Goverara6nt Printing Office in June 

in July ^ Um6 8 WMI130 turf,cd 0Vf>r to Uie Printer 

C - St ? rteT ^ ethnologist, divided his time principally 
between coutmmng his studies of the Florida Seminole (begun before 
joining the Bureau) and initiating new studies among the Seneca. 


SECRETARY'S report 


43 


During the year lie continued analysis and organization of his Sem¬ 
inole field notes and conducted research on printed, manuscript, and 
photographic materials relating to the Seminole in library and 
archival repositories in Washington and in the library of the Ameri¬ 
can Philosophical Society in Philadelphia. He continued the uork 
of revising for publication a manuscript on Seminole medicine and 
magic, and prepared for fieldwork in Florida during the next fiscal 
year. He nearly completed during the year a long paper on the sup¬ 
posed ethnological resemblances between the southeastern United 
States and the West Indies. His short Seminole autobiography, col¬ 
lected in 1050 and 1952, appeared in the journal Tequesta, this being the 
first such document published for any tribe of the southeastern Unite 
States. At the end of January and the beginning of February, 
Dr. Sturtevant spent a week in south Florida, where he delivery 
a public lecture on “The Indians of South Florida” before the His¬ 
torical Association of South Florida and read a paper on Accom¬ 
plishments and Opportunities in Florida Indian [Ethnology at t to 
annual meetings of the Florida Anthropological Society, This trip 
enabled Dr. Sturtevant to revisit several Seminole settlements, secur¬ 
ing some new ethnological data. 

Another project involved library research on the history uml use 
of some root foods of the southeastern United States and the W est 
Indies—chiefly Use cycad Zawuct and manioc. A monogrup oil Tie 
subject is in preparation, and future fieldwork concentrating on the 
same topic is planned for Cuba and perhaps elsewhere. N cw evidence 
has been discovered here relating to supposed prehistoric contacts 
between the two regions and to continuity in each area bet™ 
aboriginal and European practices with regard to root foods, and oi 
changes and borrowings during the historic period. 

Dr' Sturtevant’s Seneca work concentrated on the use and manu¬ 
facture of wooden masks, and especially on the esthetic attitudes of 

New York State, with briefer trips to thc nearby Allcgany 
reservation. No intensive ethnological work has been done on the 
Cuttaramms reservation for some 40 years, ^marked «>»**“* to 
the sttuaUon with other Seneca communities, ^ 

the documentation of Utereture, especially Ln the 

and other Seneca already described ml rwiderable inform*- 

ceremonial cycle of the nou-Chnstian giouj ■ connected with 

lion nns collects on pteMtclaj uaagm “»fc 
the masks. Testa of myths, raligiona speechea, pntyera, and aonja 
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rotated to them ^ere recorded m Seneca and transcribed and trans¬ 
lated. Case histories of individuals cured by use of the masks were 
also gathered and analyzed, The esthetic attitudes of the Seneca 
toward the masks are difficult to distinguish from their feelings about 
their religious associations and ceremonial and curative powers, but 
through the use of photographs of museum specimens and the exam¬ 
ination with informants of specimens in use in the oomiminity and a 
collection in the Buffalo Museum of Science* some data on this topic 
were obtained. Another subject on which investigations were begun 
at both Cattaraugus and Allegany is an interesting pattern of ritual 
Fiends]up ? by which two or more individuals go through a ceremony 
for curative or other reasons, which puts them in a siblinglike rela¬ 
tionship and results in the extension of the appropriate kinship terms 
and some aspects of kinship behavior to other members of their fami¬ 
nes. This is a form of fictional kinship which lias interesting paral- 
a s jm many other societies; godparenthood and blood-brotherhood 
are related phenomena, for example. 

Dr. k ;tfcii \t.\ itnfc also attended the Fifth International Congress of 

i n Ail and Ethnological Sciences* in Philadelphia, Septem- 

JVil “f the Tenth Coilferen ce on Iroquois Research* Red House* 
N.l ^October ’ 

On May 8, IDS7, Car] Miller was temporarily transferred from the 
River Basin Surveys to the rolls of the Bureau of American Etlmology 
Z j, , te ^ September 1, in order that he might continue 

10n<? >e ? Un Bussell Cave, Alabama, where very 

i f J t Tr 1Vma1 ^ wer * found in stratigraphic sequence- He spent 
* . d Jui ‘ c at T{lISSc11 owning a new trench and making 
preparations for converting the excavation into a permanent exhibit. 

River basin surveys 

<Pn-^ b, FitAMc H.H. RotiKKTi, J„, Doctor, f r0m d flla wdmlUli by * iffm ^ mai 

now^ntinnlSni^^ *^ °* th * Bui ™ u American Eth- 
fiacafvear tv, ■ ' 3 f >r °^ r " in foi ‘ Sa,v *fi 6 archeology throughout the 
X itimnl p ftl i ^ 1111 ® st '^ Ulo,l 5^re carried o„ in cooperation with the 

of D "‘" ,rt - 

“rfs* sasssss 

Basin and $18,500 for work L other Jr ^ U “ “ tU MisS0Un 

time in several years that EVW ,1 t ag011 re ™' Th,s W!ls the firSt 

the River Basin Sur^s ZZSTZ T fw *"«* * 

** at projects outside die Alissouri Basin, A 
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grant of $12,GG0 from the Idaho Power Co., made late in, the spring of 
1056 for archeological investigations along the Snake River in Iduho- 
Qregon in the districts to be flooded by the Brownlee, Oxbow, and 
Hells Canyon damn, was available for the field season beginning July 1, 
and that, with the new Federal money, gave a total of $30,500 for 
several reservoir basins in scattered portions of the country. The 
Missouri Basin Project had a carryover of $24,954 on July 1 and that, 
with the new' opproprkition t provided a total of $114,954 for work in 
that area. The grand total of f lands avail able for the River Basin 
Surveys for 1950-57 was$145,454* 

Field investigations during the year consisted of both surveys and 
excavations, although the major efforts were directed to the excavation 
of sites. On July 1, 1D5S, six parties were in the field—five engaged 
in digging, the sixth doing preliminary survey and testing. Three 
of the excavating parties were working in the Qahe Reservoir area in 
Son tli Dakota, one was in the Love well Reservoir area in Kansas, and 
one was opening sites along the Snake River near Robinette, Greg* 
The survey-tea ting parly w T as devoting its entire attention to the lug 
Bend Reservoir area in South Dakota* Shortly after the first of July 
another party proceeded to a large site in the Oaho Reservoir area, also 
in South Dakota, and begun a program of mapping and testing at the 
remains of the largest known earth-lodge village on the upper Missouri 
Riven All these parries remained in the field until September. Late 
in August a party proceeded to the CoralvjHe Reservoir on the Iowa 
River in Iowa and carried on a series of excavations in five sites, woik- 
big until mid-October. A survey-testing party worked in ( he Toronto 
Reservoir area in Kansas from September 32 to October 2^ Late in 
October excavations were started at a large mound in the llartwul 
Reservoir area on the Savannah River in Georgia. They were con¬ 
tinued until March, when the study of the mound was completed* 
During March and April a preliminary survey was made of the 
Dardanelk Reservoir area on the Arkansas River in Arkansas. ^ Dm 
ing April another party made ft preliminary survey of the Warner 
Wk and Dam on the Black Warrior River m Alabama* On May 
15 an excavating party proceeded to the Toronto Reservoir on the 
Verdigris River in Kansas, and on June 29 it completed the investipi 
lions in that area. Early in June four excavating parties started 
digging at sites in the On he Reservoir area in South Dakota and were 
continuing their investigations; at the end of the fiscal y^r- 4 _ ® 

same time an additional four field parties moved into the Big Bend 
Reservoir b^in in South Dakota and began excavating sites m that 
area + They were continuing their operations at the end of the year. 
Late in June a survey-testing party moved to the L.g Lent area an 
was just beginning its work on June 29- During the fiscal year mue 
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parties from cooperating institutions also conducted excavations in 
(lie Missouri iiisin. Six of them worked in the Oahe Reservoir ares, 
one in the GJoiido Reservoir area in Wyoming, one at the Tuttle 
Creek Reservoir in Kansas, and one at the Porn me do Terre Reservoir 
in Missouri, Ihree of the parties completed their projects during the 
held season of 195(J and the remaining six were continuing their 1957 
programs at the cad of the fiscal year. 

B} June 30, IDaG, reservoir ftrcag where archeological surveys had 
been made or excavations carried on since the s&art of actual fieldwork 
hv the River Basin Surveys in the summer of 1946 totaled 247 in 28 
states. In addition, two lock projects and four canal areas had also 
been examined. As a result of the surveys 4,622 sites had been. located 
and recorded, and of that number 035 have been recommended for 
examination or limited testing. In using the term “excavation/’ the 
complete uncovering of a site is not indicated. Rather it implies 
digging only about 10 percent of the site. Though many of the 
locations are of sufficient significance to warrant complete excavation, 
the needs of the Salvage Program are such that it is not possible to 
make so extensive an investigation at any one location. Preliminary 
appraisal imports have Leon completed for all the reservoir areas sur- 
veyed with the exception of one that was done late in the year, and 

^l 13 ™ Unrtcr Durin g t** course of the year two 

1 ^° r ^ completed and at the end of the year wore being 
uumeogrephed for distribution to the agencies concreting in tht 

T EJCaI f aIV!lge Pr ^ n >* Restart of 

SiE S SU i r T ltS ° becn distrihut ^* In several cases 
withma^iniFlrah^ . * nma ^ r of reservoir projects falling 

and for t Kjim « asiI | ot su 1 jasm been combined in a single report* 

-fo - aSM CTC I 1 ’»™=i^ r ‘ , l.le<l 1 ff trra ccl l . re « e „th c ,U- 

her of rcscrvoire eurveyod and tJ,at of the reports issued. 

in*18 different St 3 ^< Sltes ™ 47 reservoir basins located 

In S 63 '* d bcen cit!ier Partially or extensively dug. 

n Xrs I ^„r™' r ' ,reaB ° ,,lj * »l<» «. uhtU^WL 

S£M£rs t siu ^ At ,ast mc *™»pS * eod. 

Jated In the ow ^ P^Jimin&iy surveys had been invest!- 

“ f «» '»rger more wmple!t typM 

wh« shn.hr site in trfeMn ST' hte? 1 " ** 

iiaaL-t? SEES 

cellaneous Collections ■ ti\*i jl P peare( ^ * n Smithsonian Mis- 
papere consist of three pertaining to investignt^ Z Mi^ouri 
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Busin, one to a site in the Allatooun Reservoir area in Georgia, and 
two to the Jim Woodruff Reservoir area, Georgia-Florida, Three 
detailed technical reports on the results of earlier work were com¬ 
pleted during the year and are ready to submit to the editors for 
publication. 

The distribution of the reservoir projects that have been surveyed 
for archeological remains was as follows on June 30,1057 ■ Alabama, 
2; Arkansas, 1; California, 20; Colorado, 24; Georgia, 5; Idaho, 11, 
Illinois, 2; Kansas, 10; Kentucky, 2; Louisiana, 2; Minnesota, 1; 
Mississippi, 1; Montana, 15; Nebraska, £8; hew Mexico, 1, - ot 1 
Dakota, 13; Ohio, 2; Oklahoma, 7; Oregon, 27; Pennsylvania, 2; 
South Dakota, 10; Tennessee, 4; Texas, 19; Virginia, 2; Washington, 

11; West Virginia, 2; and Wyoming, 22. , , 

Excavations have been made or were under way in reservoir basms 
in California, 5; Colorado, 1; Georgia, 5; Kansas, 5; Montana, 1; 
Nebraska, 1; New Mexico, 1; North Dakota, !; Oklahoma, 2; Oregon, 
U South Carolina, 1 ; South Dakota,!; Texas, 7; Virginia, 1; Wash¬ 
ington, 4: West Virginia, 1; and Wyoming, 2. Only the work of 
the River Basin Surveys or that which was in direct cooperation 
between the Surveys and local institutions is included m the Pil¬ 
in'* figures Investigaticfflfl carried on under agreements tween 6 
National Park Service and State and local institutions have not 
included because complete information about them is not available. 

As in previous years, helpful cooperation in earn ing mi t ie ner 
Basin Surveys program was received from the National I ark Service, 
the Bureau of Reclamation, the Corps of Engineers, and various 
State and local institutions. The Cor;* of Engineers provided 
transportation and guides for the work in two reservoir areas 
Temporary headquarters ami living accommodations were made 
available at several projects. The construction agency m several in¬ 
stances made mechanical equipment available to assist ui heny • 
cavations. The Univemty of Washington at Seattle provided a ba» 
of operations and laboratory space for tlie . na e ner par ^., ^ 

the University of Georgia furnished similar accommodatmns for the 
party working at the Hartwell Reservoir m 
personnel of all the agencies was particu ar y e P . activities 

Z y-s If £2JSKS 

in the field. It also P«P»™1 the estimate , rtroadtoot all 
to procure funds to eupport tlie..a ^ Q, ,| lP j r 

tho Park Son-ice rapions the regional directors and memtan 

staffs cooperated whole-heartedly in theproftram-,,. 0,1 gunervision of 
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Nebr ? were responsible for the activities in the Missouri: Basin and in 
addition provided the base of operations for several of the parties 
working ia adjacent areas. The materials collected by excavating 
parties in the Missouri Basin as well as those from the Snake River 
and ressemoir areas in southeastern Kansas and in Arkansas were 
processed at the Lincoln laboratory. 

If askhiffton office *—The main head quarters of the River Basin Sur¬ 
veys continued throughout the year under the direction of Dr. Frank 
H. H. Rolierts, Jr, Carl F. Miller, archeologist, was based at that 
office and from time to time assisted the Director in some of the gen¬ 
eral administrative problems. In October Joseph R. Caldwell was 
appointed as temporary archeologist to carry on the project at the 
Hartwell Reservoir in Georgia, with field headquarters at the Uni¬ 
versity of Georgia in Athens, His work was completed and his ap¬ 
pointment terminated on April C, 1357. Dr. Robert E. Greengo 
joined the staff as an archeologist on a temporary appointment March 
ft for the purpose of making the preliminary survey at the Dardanolle 
Reservoir project in Arkansas. Dr. Greengo proceeded from Wash¬ 
ington to Lincoln, iSebr., where he obtained the necessary equipment 
for Ids fieldwork and went from there to Arkansas, The general ad¬ 
ministration of his field investigation was from the Lincoln office. 
Lpon the completion of the survey, Dr. Greengo returned to Lincoln 
where lie prepared his report. He subsequently returned to Wash- 
i iigton, and Ins employment was terminated on May i. From the be¬ 
gum mg of Hie fiscal year until Hie latter part of August William M. 
Bass served as a temporary physical anthropologist studying the 
Skeletal material collected by various parties in the Missouri Basin. 
He returned to duty on Juno 3 and resumed ids work on the bones. 
He was occupied with that task at the end of the fiscal year. Al¬ 
though technically a member of the staff of the Washington office, Dr. 
James IL Howard, archeologist, reported to the Lincoln office on 
May 13 and worked under its supervision in the Toronto Reservoir 
area in Kansas. TIis work there was completed by the end of the 
year, and if was contemplated that he would be shifted to the Missouri 
Basm Project. Dr. Warren W. Caldwell, who was in charge of the 

hTthJwZ w at t}lC be ^ inilin 8 °fthe fiscal year, was shifted 
by the Washington office to the Missouri Basin Project in August 

place for the remainder of the field season was taken by Geor^ L 

\ frIrvTinr !!”!? fl temr f rar y »Ecologist until December 15, 

D? -1 T' etnbftr ° f t1ie rpfflllar Misso 'iri Basin staff, 

T . Caldi was detailed to the Coral villa project in Iowa for the 

penod from August 28 to October 13. He subdue, lt ]y returned to 
ho Lmco n headquarters and all his later activities were in conncc- 
tion with the Missouri Basin Project. 
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At tha beginning of the fiscal year Mr. Miller was in charge of nil 
excavating party in the Osihe Reservoir area, and his activities there 
are described in the section of this report pertaining to the Missouri 
Basin. After he returned to Washington in September, lie prepared 
a brief report on the results of the work in South Dakota an t ien 
resumed writing on his unfinished report concerning investigations 
previously made at the John H. Kerr (Buggs Island) Reservoir, l - 
In January lie selected material from the collections made at t o ^ m 
Hill Reservoir in Georgia and prepared an exhibit to be sent to the 
office of the Corps of Engineers at the Clark Hilt Dam in corgi.!. 
During the fall and winter months Mr. Miller gtij® h_ ore a 
number of societies and school groups in the IVashinghm area a >011 
the work that he had done at Russell Cave in Alabama while on detail 
to the regular Bureau of American Ethnology staff m the dosing 
months of the previous fiscal year. Early in April he left for the 
Warrior Lock and Dam Project area on the Black Warrior River 
Alabama and proceeded to carry on a preliminary survey to determine 
if archeological materials would be involved in the construction a 
that locality. He completed the survey on April 26, reporting tha 
no significant materials would be lost as a result of that project On 
April 27 Mr. Miller proceeded to Little Rock, Ark., for the purpose of 
making a preliminary survey of the Greers Ferry Resen ore area n 
because of heavy rains and exceptionally high water in the area it wa 
necessary to postpone that investigation indefinite y. TO . 

Rock ho went to South Pittsburg, Tenm, to r^ume work at ^ 
Cave, On May 6 he was again transferred from the Liver lu _ 
Surveys staff to the Bureau of American Ethnology for the P Blwd 
the tassel] Cave investigation and at the end of the fiscal 
still in that status. During the month of May Mr.Miller gave 
on his work at Oak Ridge, Tenn, and at Brenungliam A^ in J^ 
he participated in ft special televised educational progiam and spoke 
before several societies in Tennessee and Ala naina. , 

Alabu^A survey of the Warrior Lock and Dam 1 ro was 
i i ■ lTV ™i \ f n dies of importance were found m tnft 

Tot S C,’ -" -' ™l t 

study under other than salvage auspices were drseovered adjacent o 

thopool area. . u A Dr il 20 ft preliminary survey was 

Arkansas .—From March 14 to April -u a 1 * Fift „. 

, t re rw«l<, n »ne Reservoir area on the Arkansas Are er, mi) 

mended for*) ot tl '”l^' d P BBr J 1 5 > the Greets Ferry Reservoir 
plated in May. A proposed sun .y. 

area had to be postponed 1 gg 1956 , to March 23,1057, 


50 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1657 


ivas excavated at the site of the lower Cherokee town of Tugalo near 
Toccoa. There are several historical references to the location dating 
back to about 1715. The village area at the site had previously been 
explored, but the mound had not been touched. The mound excava¬ 
tions uncovered four super imposed pottery dumps representing a 
clear continuity from historic Cherokee wall back into prehistoric 
Cherokee, Ihis represents the first known sequence within prehis¬ 
toric Cherokee materials* Below the Cherokee deposits with a break 
in continuity was a burned mound and a sequence extending back¬ 
ward through four stages to the beginning of the mound construc¬ 
tion. The remains of earth-lodge temples were found on three of 
tho levels and the traces of another type structure were uncovered on 
the fourth or lowest level. The latter rested on deposits indicating 
another break in continuity beneath which there was evidence of 
occupation by a group that has been called Late Middle Creek cul¬ 
ture which is believed to date about A. I). 500. The ceramic material 
obtained from Use excavations provides one of the longest pottery se¬ 
quences ever found m the Georgia area. The work at the Tugalo 
' 0111 }^ 11 cooperative project in that labor for the digging was 

provided by the Georgia Historical Commission and a vehicle for 
transportation and equipment needed in the investigations was sup- 
juioil by the Department of Anthropology of the University of 
Georgia. 


Iowa. Dm itig the period August 28 to October 13 an excavating 
party from the River Basin Surveys working in the Ooralville Reser¬ 
ves area completely excavated one rock shelter and tested two others, 
three open occupation sites were dug and three others tested. Two 
mow) s wi re also excavated. The materials obtained demonstrate 
that the peoples hvmg there bad a basic Woodland Culture with some 
aUi issEssippi traits. Hie relationship was predominantly toward 
the East, but some nrfluenees from the Plains were in evidence. 

anjwa. b illing September and October a survey-testing party 
operated in the Toronto Resorvoir area on the Verdigris Iiiver in 
southeastern Kansas. As a result of its investigations, seven sites 
«are recommended for partial excavation or testing. On May 15 an 
excavating party proceeded to the area and by the end of the fiscal 

r^v K ? S ' tCS ’rr f wMch *>”"<11* «.« excavating 
party and bad not previously been reported. Six of the sites studied 

and the other tw ° "ere rock shel- 
- T ' h V rT ierC indicate several cultural relntion- 

J” 1 . . 1 ! ie ™ S ®rj ac ® fo »;Upiicr Republican, Keith-Focus Wood¬ 
land, Archaic, and Kansas City Hopewell. The full significance of 
the infonna ion and specimens obtained will not be apparent until 
detailed studies have teen made in the laboratory. No additional 
work will be required at the Toronto Reservoir. 


SECRETARY'S REPORT 


51 


Mhs&itfi Basin. —The Missouri Basin Project continued to operate 
throughout the year from the field headquarters and laboratory at 
1517 O Street, Lincoln, Ncbr. Dr* Robert L. Stephenson served as 
chief of the project throughout the year. Activities included work 
on ail four phases of the Salvage Program; (1) Survey, (2) excava¬ 
tion, (3) analysis, and (4) reporting. The first two phases were 
emphasised through the summer montiis and the second two during 
fall and winter. 

At the beginning of the fiscal year the staff, in addition to the chief, 
consisted of two permanent archeologists, two archeologists detailed 
to the project from the Washington office, three temporary field as¬ 
sistants, one Said and laboratory assistant, one administrative assist¬ 
ant, one museum aide, one photographer, one clerk-stenographer, and 
one half-time records clerk. There were 28 temporary laborers in the 
employ of the field parties. At the end of the 1056 held season ail 
temporary employees, with the exception of one field assistant and a 
survey party chief, were terminated. Tito men detailed to the project 
for the season returned to their regular duties in Washington in Sep¬ 
tember, and the temporary field assistant and survey party chief were 
terminated in January. During the year two permanent archeolo¬ 
gists were added to the staff and four temporary archeologists were 
employed for the 1957 field season. In June one archeologist and one 
field assistant were again detailed from Washington for work hi the 
field. At the Lincoln office one clerk-typist, one part-time draftsman, 
one laboratory assistant, and one part-time laboratory assistant nere 
appointed. At the end of the year there were 76 temporary laborers 
employed bv the field parties. 

During the year 10 River Basin Surveys field parties were active 
within the Missouri Basin, while 4 others working in reservoirs out¬ 
side the Busin also operated from the Project office in Lincoln. Of 
the 16 Missouri Basin parties, 1 was at work in July, August, and 
September in the Big Bend Reservoir area, South Dakota, and 5 
parties were at work there in June. One party was at work in the 
Fort Randall Reservoir for a brief time in September. I-our parties 
worked in the Oalie Reservoir in July and August and four other 
parties were there in June; one field party conducted excavations in 
the Love well Reservoir in Kansas m July and August. The four 
parties operating outside the Missouri Basin were concerned with the 
Coral villa Reservoir in Iowa, the Toronto Reservoir m Kansas, and 

the Dardanelle Reservoir in Arkansas. . , - , 

Other fieldwork in the Missouri Basin during the year included 
nine field parties from State institutions working under agrt^mcn ? 
with the National Park Service and in cooperation with the Smith¬ 
sonian Institution. Parties from the I. nnenu ics o. _ q. 
and Wisconsin and from the North Dakota State Tlis > 7 
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weru in the field in the July-October period. Parties from the Uni¬ 
versities of South Dakota, Idaho, Kansas, Missouri, Wyoming, and 
the State Historical Society of North Dakota were in the field in the 
May-Jura period. 

A River Basin Surveys party, directed by Robert W. Neuman, was 
in ( ho field at the beginning of the fiscal year and completed 10 weeks 
of excavation in four sites along White Rock Creek in the Lovewell 
Reservoir area in Jewell County, Ivans. Three of the sites were 
fairly extensive hut did not yield much material. The artifacts 
found suggest that they may belong to the White Rock Aspect. The 
latter is so poorly known that the evidence recovered from them 
should, even though scanty, clarify the picture greatly. The fourth 
site was a moderate-sized burial mound of the “Middle Woodland” 
period. 1 ■ nfortunately it had been partially destroyed in earlier 
jenrn by pot-hunting activity. The profile and structure of the 
mound were, however, readily discernible, and enough material was 
recovered to identify readily its cultural relationship. Fragments 
of human and other bones were recovered along with cord-marked 
potsherds and other artifacts, including two small shell gorgets. No 
further work is anticipated for the area to be flooded by the waters 
of the Lovewell Reservoir. 


On September 91 and 22 further investigations were made im¬ 
mediately adjacent to tl.e Oldham Site in the Fort Randall Reservoir 
m South Dakota in an area in which burials and artifacts l.ad been 
exposed by wave action and lowering of the reservoir. This site had 
been partially excavated in previous years, and it was hoped that the 
recent return there would produce additional important evidence. 
F “' thermore there was an opportunity to determine whether a site 
once flooded could yield worthwhile archeological information if the 
water receded and left it exposed. Unfortunately, this work produced 
no new evidence concerning the occupations of the site, even though 
some art,facts were collected. The ground, though 10 feet above the 
imter level, was too saturated and disturbed to provide any useful 
information about relationship to the house features, village, or other 
previously collected material. The work demonstrated conclusively 

tlmt sites must be dug before they are flooded 

A survey^ting party, dieted by Harold A. Huscher, at the 
beginning of the fiscal year was conducting an intensive survey of the 
Rig Rend Rtecrvoir area, which is situated between the upper reaches 

Hirer L renr ll l d ? ^ tbe ^ Da ^ ™ the Missouri 

River, m centra hath Dakota. The party of three was in the field 

>r la necks and heated, visited, and recorded 120 new archeological 

sdcs and revisited 26 previously known. Detailed field maps were 

rfhl t~r^ UU ^ ° f sites and *■* one-third 
of them were tested. Many of them are large and productive and 
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material from them should fill in some of the gaps in present know ledge 
of the prehistory of the area, particularly for the period from about 

A. D. 1000 to 1700, , . 

Several military and trading posts pertaining to the early 19 th 
century were also located in the area* Of particular interest is a site 
that may belong to the period of the Spanish-Colonial post of Regis 
Loisel (ca. 1802-0H). Several interesting prehistoric sites appear to 
have liad rectangular earth lodges arranged in rows, much the same 
as at the Huff site in North Dakota. Among other significant mani¬ 
festations are a boulder effigy site, “"Middle Woodland sites, and sitis 
that appear to be nonceramic. 

At the beginning of the 1957 field season in mid-June, there were 
five field parties in the Big Bend Reservoir area. G. Hubert Smith 
and a party of nine were at work at the end of the fiscal year excavating 
the 19th-century iiistorie trading post of white origin known as For 
Defiance (or alternatively Fort Bouis). Tins same itri * 1C1 P^ es 
investigations at two other 19th-century historic sites in the area when 
it has completed the season’s work at Fort Defiance-Boms. Dr. 
Warren W. Caldwell and a party of nine at the end of the fiscal jeiu 
were excavating the remains of an earth-lodge village which appears 
to have had three occupations, including a Middle Woodland compo¬ 
nent Robert W* Neuman and a party of 10 were excavating a senes 
of three linked earth-lodge village sites on the left bank of the Missouri 
River in the vicinity of Old Fort Thompson. M ill.mn N. Irvmg and 
a party of nine were also working on the left bank of the Missouri 
River in the vicinity of Old Fort Thompson. They were starting test 
excavations in a series of 14 sites and will make a map of each village 
pattern Harold A. Huscher and a party of two were preparing to 
start reconnaissance and mapping of sites and scouting for new s , es 
in the entire area of the Big Bend Reservoir at the ^ ^ ^e fv ea 
year None of the five parties had been in the held long enough 
by the and of the fiscal year to provide speeihe reports of results. 

"A River Basin Surveys party, directed by G. Hubert 

the field in the Oaha Reservoir area at ' w JJ 

and completed nine weeks of excavation at a ate histo ic 

site near the Oulie Dam on July 31- This party excavated the stoekacte 

outline and the remnants of 

a considerable amount ol object materia repre^n i - ^ WJlS ^ 

, Sm . The siteinhered-»J.M£S?£S£ 
tupied rite, th. .Wo»™ t«rfr and m tome 

remains were found nut a rew mu™ . 1 , \ 

instances mud. had been destroyed by Jt 

road patrol vena used for clearing »ay the o^'Wmmd t«7 
satisfactorily exposed the stockade and other stria turn 
stockade proved* to be approximately 220 feet square. Other struc 
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tural features included a warehouse, a cellar, and a dwelling. Among 
the objects recovered wore two coins dated 1857, glass beads, a religious 
medallion, several small eatlinite halls, and a great mass of hand- 
wrought iron. No further work is contemplated at that site. 

A second River Basin Surveys party in the Oahe Reservoir area, 
directed by Dr. Waldo R. Wedel, was in the field at the beginning of 
the fiscal year and completed 12 weeks of digging on August 25. This 
party was continuing excavations begun in previous years at the 
Cheyenne River site at the mouth of the Cheyenne River. Three 
definite occupations of the site were identified. The earliest was a 
rectangular house component. The middle one was a circular-house 
component, and the final occupation was protohistoric Arikara, with 
circular houses. An encircling stockade und defensive ditch were dis¬ 
covered and excavated, but the specific occupation to which it belonged 
was not definitely determined. It presumably belonged to one of the 
two early occupations, A large burial area was excavated and the 
remains of over 50 individuals were recovered. The burials, in small 
pits placed dose together, ware flexed and in most cases had been 
covered with poles or wooden slabs. The burials almost certainly were 
from the Arikara occupation. Some artifacts, including pottery and 
a fine catlinite pipe, were recovered from the graves. The 1056 
season s excavations at the Cheyenne River site completed the investi¬ 
gations planned for that location, 

A third River Basin Surveys party in the Oahe Reservoir area, 
directed by t arl 1. .Miller, was in the field at the beginning of the fiscal 
year and completed f) weeks of digging on August 24. This party of 
nine began, and brought to satisfactory completion, the excavation of 
the Hoeterman site on the Missouri River near Whitlocks Crossing, 
S, Dak. At that site evidence was found of a stockade consisting of a 
double row of posts. Several refuse pits, cache pits, and other similar 
features were excavated, including pits containing large sections of 
articulated bison bones, The latter appear to have been slaughtering 
areas. House structures presented a difficult problem as post holes 
were dim and difficult to identify. One structure was fairly dear in its 
outline, but the entrance was not located. Artifacts were moderately 
a undant and suggest that a single occupation, perhaps of short dura¬ 
tion, will he established for the site when analysis of the material has 
been completed. No further work is contemplated at that location. 

The fourth River Basin Surveys party in the Oahe Reservoir area, 
directed by Dr. Robert L, Stephenson, began work on July 2 and com¬ 
pleted 6 weeks m the field on August 10. Tliis party of 10 conducted 
a testing operation at tho Sully site some 20 miles above Pierre on the 
left bank of the Missouri River, The site is that of the largest known 
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earth-lodge village on the river, and two objectives were accomplished 
during the season. First, a detailed map was made of the area and 
the site itself was staked off in 100-foot blocks. Second, a 5-foot- 
square test was excavated at each 100-foot stake along the north, south, 
cast, and west base lines, In addition, two test trenches were dug and 
a house quadrant was excavated. The testing procedure was to obtain 
both horizontal and vertical distribution patterns of specimens and 
features over the entire site. From the analysis of such distributions, 
it was possible to plan for the recovery of a maximum amount of in¬ 
formation about the site as a whole from a minimum amount of excava¬ 
tion in the 1957 season. The site is nearly 4,000 feet long and 1,500 
feet wide and may contain the remains of as many as 400 house 
structures. More than half that number are identifiable on the surface 
as unquestionable structures, and an almost equal number appear as 
possible house structures. They range from 25 feet to over 60 feet in 
diameter. What were probably four ceremoni allodges are each almost 
90 feet in diameter. There is clear stratigraphy in the site, with struc¬ 
tures underlying a sterile zone, which in turn underlies a refuse heap. 
Cache pits are abundant and range from small pocket caches to large 
bell-shaped pits 7 feet deep and of equal diameter. Artifact material 
is abundant, and pottery sherds found there suggest at least three, and 
probably four, occupations. An outstanding specimen, n cat finite 
plaque with animal designs engraved on both sides, was found in one 
cache pit. Two certain burial areas, possibly several others, were 
located but not tested. No forti fication ditch or stockade was observed. 

Cooperating institutions in the Oahe Reservoir area at the beginning 
of the fiscal year included a party from the University of South 
Dakota directed by lioscoe Wilmeth, a party from the University of 
Wisconsin directed by Dr, David A. Baerreis, and a party from the 
State Historical Society of North Dakota directed by Alan R. 
Woolworth. 

At the start of the 1957 field season in mid-June, there were four 
River Basin Surveys parties in the Oahe Reservoir area. Dr. Waldo 
R. IVedel, again detailed to the project by the United States National 
Museum, and a party of 10 were excavating the Black B idow site and 
testing six others ncarbv in the I ort Bennett area on the right bank 
of the Missouri River. The Black Widow site was sampled in 1952 
by a River Basin Surveys party. Since the material from it suggested 
affiliations with the site completed by Dr. WcdeJ in 1956, an extensive 
excavation was deemed advisable. The adjacent sites to be tested dur¬ 
ing the 1957 season seem to he a part of the same complex. Donald 
IT Hartte and a party of eight were making test excavations in a senes 
of SO sites on the right bank of the Missouri River in the Fort Bennett 
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area at the end of the fiscal year. A house or two and several cache 
pits trill be dug in each, and a map made of each village plan and site 
location. Dr. Robert L. Stephenson and a party of 25 were at wort 
at the end of the fiscal year at the Sully site where preliminary studies 
were made the previous season. The major effort will be the excava¬ 
tion of that site, but seven other small nearby sites that may be related 
to It will be tested, Charles TL McNutt and a party of eight were 
making test excavations at 14 sites on the left bank of the Missouri 
River in the general vicinity of Old Fort Sully. They were excavate 
ing a house or two and several cache pits in each and making a map 
of the village plan and site location. None of these parties had been 
in the field long enough, at the end of the fiscal year, to report any 
specific results. 

In May and June Dr. Theodore E. White, National Park Service 
geologist at Dinosaur National Monument, was detailed to the Mis¬ 
souri Basin Project for a period of 6 weeks. During that time Dr. 
White made an osteological analysis, in the Missouri Basin Project 
laboratory, of all of the unworked animal bones from the sites exca¬ 
vated over the past four field seasons by tire Smithsonian Institutions 
River Basin Surveys field parties. Work was also done on bones col¬ 
lected by field parties of several of the cooperating institutions. This 
Included over 300,000 individual bones from 03 archeological sites in 
eight reservoir arcus. Dr. White selected numerous specimens for the 
Missouri Basin Project^ comparative collection and set aside others 
that will be sent to the United States National Museum for further 
study or for exhibit purposes. The bulk of tits identified hone mate¬ 
rials remaining was transferred to the Nebraska State Museum. Dr, 
MTiite amassed voluminous notes on this bone material for use in 
continuing his series of reports on “Butchering Techniques of Aborigi¬ 
nal Peoples.” Material was gathered for at least eight additional 
papets in this senes. Seven have already been published. One of the 
particularly interesting results of this osteological analysis was the 
identification of the remains of a number of unusually larnc do^s in 
thfl canid material. 

During the time the archeologists were not in the field, tliev were 
engaged m analyses of their materials and in laboratory and library 
research. They also prepared manuscripts of technical scientific re¬ 
ports and wrote articles and papers of a more popular nature. The 
laboratory and office staff devoted its time to processing specimen ma¬ 
terials for study, photographing specimens, preparing specimen rec- 
ortiSj arid typing and filing records and manuscript materials The 
accomplishments of the laboratory and office staff are listed 'in the 
following tables. 
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TaBLK t.’ — Specimens July 1, 1963, ihTaufh June 30, 1937 


Reservoir 

Number 

of 

tite.fi 

Catalog 

numbers 

aligned 

Number of 
specimens 
processed 

Rig Bend -. ----- .—- 

Corftlvillo -- _... - 

114 

9 

51 

5 

3 

8 

20 

35 

5 

3, 336 
B78 

L 191 
157 
10 
2 h 198 
9,303 
536 
81 

24, 602 
3, 0S8 
1, 384 
2 r 064 

11 

5, 689 
140, 630 
862 
679 

DardnncSk, _ .... — -- —— --- 

Fort Randall_- -— - - - - -—- 

Gavins Point * - -— - - ■=-- - 

Lovcwell. «, - - - -—- 

Oahe_,, - -.. 

Toronto-- - — 

Sites not in reservoirs--- *-—- 


250 

17 S 690 

1 178,949 

Collection* not assigned site numbers —.* 

4 

23 

57 



17,713 

179, 006 


As of June 30, 1057, the Missouri Basin Project had cataloged 
749,244 specimens from 1,725 numbered sites and 50 collections not 

assigned site numbers. _ 

Additional specimen transfers were made, all to the United States 
National Museum, as follows: Human skeletal remains from 8 sites 
In the Oahe Reservoir area; bird bone from 23 sites in 5 reservoirs; 
fish bone from 9 sites in 8 reservoirs; and unworked shell from 2 sites 
in 2 reservoirs. 

Table 2.— Uncord material* prttceued 


Keflex copies of tecorda..-—-- 

Photographic negii fives made———- 

photograph lc print* jnada--— 

Photographic prints mounted and filed. 
Plate lay oats made for raannscsrlpts^— 
Transparencies niaunttd In gJflS#-™—' 
Cartographic tracLoK* and revLetoB* —* 



ii.sto 
i p o&* 
7 , n-is 
3.590 
10 
059 
70 


During October 25-27 the annual meetings of the Mountain-Flam 
Historical Association were held in Lincoln and the Missouri Basin 
Project staff served as one of the local host organizations. As a pro¬ 
gramed part of the meetings the group was invited to tour the facili¬ 
ties at the Project laboratory. During the thanksgiving weekend 
members of the staff participated in the 14th Flams Conference for 
Archeology, held in Lincoln. On April 27 membcis of the staff par¬ 
ticipated in the annual meeting of the Nebraska Academy of Sci¬ 
ences. May 3, as a programed part of the meetings of the Missouri 
Basin Inter-Agency Committee being held in Lincoln, the group was 
given a conducted tour of the Missouri Basin Project faciht.es. 
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There were over 30 members who visited the laboratory. During the 
annual meeting of the American Association of Museums held in 
Lincoln, May 21-25, the Missouri Basin Project served as one of the 
local host organizations. Staff members participated throughout 
the meetings. 

Dr. Robert L, Stephenson, chief r when not in charge of field parties, 
devoted most of his time to managing the office and laboratory in 
Lincoln and preparing plans for the 1957 summer field season. He 
spent some time working on a summary report of the Missouri Basin 
Salvage Program for the calendar years 1952-55 and wrote several 
short papers for presentation before scientific groups. In January 
he attended and participated in the annual meeting of the Committee 
for the Recovery of Archeological Remains held In Washington, D. C. 
On April 9 he spoke before the Kansas City Archeological Society 
on the “Progress of Salvage Archeology in the Missouri Basin.” On 
April 12 he went to Mitchell, S. Dak., where he was moderator for 
the afternoon session of the annual meeting of the South Dakota So¬ 
cial Sciences Association. The main topic under consideration was 
“South Dakota Prehistory” and at the end of the session Dr. Stephen¬ 
son summarized the discussions and emphasized the needs of salvage 
archeology in the area. lie served as chairman of the Anthropologi¬ 
cal Section of the Nebraska Academy of Sciences at its annual meeting 
held in Lincoln on April 27. At that time he also presented a paper 
on “Emerging Problems in Missouri Basin Archeology.” On May 1, 
by special invitation, he presented a paper, “How Has Archeology 
Contributed to Oar Historical Knowledge ?” before one of the ses¬ 
sions of the Missouri Basin Inter*Agency Committee which was 
meeti ng i n Li tied n. Whentheutmualmeetitigoftho American Asso- 
ciation of Museums was held in Lincoln May 21-25, Dr. Stephenson 
served as a co-host and also was chairman for a program of Indian 
dances presented at an evening gathering. At one of the regular 
sessions, he spoke on the subject “Archeological Salvage Field Trips.” 

Dr. Warren W. Caldwell, archeologist, joined the staff of the 
Missouri Basin Project on August 22 and, as previously mentioned, 
was detailed for work at the Coralville Reservoir in Iowa. During 
the fall and winter months after his return from the field, he prepared 
a report on the work he had done along the Snake River just prior to 
joining the Missouri Basin Project, and completed a report on the 
results of his investigations in Iowa. He participated in several 
scientific meetings, presenting papers before sessions of the 14th 
Plains Conference for Archeology and the Nebraska Academy of 
Sciences. During the year two papers, of which he was a coauthor, 
were published. A Burial Cache from the Spokane Region,” Ameri¬ 
can Antiquity, vol 22, No. 1, and “The Problem of Northwest Coastal 
Interior Relationships as Seen from Seattle,” American Antiquity, 
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vol. 22, No. 2. Or June 1 Dr. Caldwell made a brief reconnaissance 
with G. Hubert Smith in the Big Bend Reservoir area lor the purpose 
of determining where a camp should be established for the coming 
season’s fieldwork and also for inspecting the sites where he expected 
to work. On June 11 ho and his party moved into the field and were 

engaged tn excavations at the end of the year. . 

Donald D. Hartle, temporary archeologist, joined the Missouri 
Basin Project stuff on June S and on Junfl 12 left th .0 field headquarters 
with a part v to begin excavations at several sites in the Oahe Reservoir 
area. Mr. Hartle was formerly a full-time member of the staff at 
Lincoln and is still working on reports of work which he did at that 
time. He was in the field at the end of the fiscal year. 

Harold A. Huscher, field assistant and temporary archeologist, was 
working in the Big Bend area at the beginning of the fiscal 3 ear, an 
his activities there have been discussed in a preceding paragraph. 
After his return to the Lincoln headquarters in the fall, ho devote 
several months to the preparation of a preliminary appraisal report 
on his summers work. In his report he made specific recommenda¬ 
tions for an excavation program in the area during the 1957 field 
season. He left the project in January to complete work he was doing 
for the Department of Justice but returned in the capacity of a 
temporary archeologist late in June and proceeded to the Big Ben 
area where he was just beginning a survey program at the end of the 
fisc ft! 

William N. Irving, temporary' archeologist* jouird the Project staff 
June 10 and on June 12 left Lincoln in charge of a party to begin 
the excavation of a series of sites in the Big Bond Reservoir. Ills 
activities there to the end of the fiscal year have previously been 
described 

Alfred E Johnson, field archeologist and subsequently survey party 
chief, was in the field at the beginning of the fiscal year as H momber 
of the Big Bend survey party under the direction of Mr Husche^ 
In October he took over the task of making a survey and t^ts in the 
Toronto Reservoir area. He was in the field until mid-November 
when he resumed his academic work at the University of Kansas. lie 
remained T 7 art-dmo member of the staff, however, until early m 
January and during that period completed a report, "An Appraisal 
of the Archeolo-ical Resources of the Toronto Reservoir. Mr. 
Johnson did not «join th. Project cut wtan Cctdnork £•-—i 

area at the end of the year. His Toronto report was m the process of 

- nppoin.cd • member of the 
permanent staff of to Project on Jon. 10. He denoted the i ollomng 
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week to learning the routine of the laboratory and Project office and 
on Jure 19 left Lincoln in charge of a party to start a series of test 
excavations in sites in the Oahe Reservoir area. His activities in that 
connection have already been discussed. 

Robert W. Neuman, field assistant and archeologist, was in charge 
of un excavating party at- the Love well Reservoir in Kansas at the 
beginning of the fiscal year and worked there until August, After 
returning to the Lincoln headquarters, he resigned from the Project 
in order to resume his academic work at the University of Nebraska. 
During the fail and winter months, however, he continued work on 
his report of the results of the excavations hi the Love well area and 
returned to the Project as a part-time employee in May. On June 10 
he was appointed temporary archeologist and left Lincoln with a 
field party on June 12 to begin excavations in a series of sites in the 
Big Bend area where he was occupied at the end of the fiscal year. 
Mr, Neuman participated in the annual meeting of the Nebraska 
Academy of Sciences on April 27, presenting a paper summarizing the 
results of his studies at the Love we 11 Reservoir, 

G. Hubert Smith, archeologist, during the periods he was at the 
Held headquarters in Lincoln, devoted his time to analyzing the ma¬ 
terials obtained from his field investigations and preparing reports 
on the results of his work, A 75-pago manuscript on the findings 
made at the site of Fort Pierre II during the 1956 field season was 
completed. Mr. Smith also prepared an illustrated article on “Arche¬ 
ological Salvage at Historic Sites in the Missouri Basin,” which was 
published in the Missouri Basin Field Committee Progress Report for 
March, During a 6-week period in February and March, Mr. Smith 
was detailed to the National Capital Parks, National Park Service, 
M ash ington, D, C., in order to make archeological investigations at 
the oldest known surviving building in the District of Columbia, The 
structure was built in .1760 and is known as the Old Stone House. Inas¬ 
much as it was being restored, it was deemed advisable to make an 
archeological study of it before too much work was done on it, Mr. 
Smith found a number of interesting facts about the physical history of 
the structure and prepared a report on them for the National Capital 
Parks, At the request of die Minnesota Historical Society, Mr. Smith 
spent a week in Saint Paul where he assisted in planning future in¬ 
vestigations of historic sites in that State and in checking over results 
of previous undertakings of that nature. Mr. Smith participated in 
the vat ions scientific meetings held at Lincoln during the year, pre¬ 
senting papers pertaining to his work at Fort Pierre II and discussing 
“"Ihe Present Status of Research on Early Historic Sites of the Mis¬ 
souri Basin.” In April he gave an illustrated talk on “Dakotans before 
the Whit* Man 5 at the 18th annual meeting of the South Dakota 
Social Sciences Association, During May he took part in a meeting of 
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the Committee or Historic Sites of the Mississippi Valloy Historic*! 
Association held fit Lincoln. On June 10 Mr. Smith le t■ 1 a ie 

party for the Big Bend Reservoir area and at the end of the bscal year 
was engaged in excavations previously described. 

Richard P. Wheeler, archeologist, was at the Lincoln headquarters 
during the entire year. Most of his time was spent completing a 
lengthy detailed manuscript pertaining to archeological remains m 
the Angostura Reservoir area, South Dakota, and the Keylio e an 
Boysen Reservoir areas in northeastern and west-central Wyoming. 
The manuscript is based on data gathered by reconnaissance parties 
of the Missouri Basin Project during the period 1040-01 and informa¬ 
tion obtained by excavating parties in 1950-52. Mr. Wheeler serviu 
as general chairman of the 14th Conference for ams ^ ™ 'f 3 
in November and presented a paper, Areheologica 3c c ,l . 

Their Interpretation,” at the a nnual meet mg of the N ebreskaAcai 
of Sciences in April, In May he gave an illustrated J|dkbefore t ie 
Interprofessional Club of Lincoln on the su ja _ 

Archeological Discoveries in the Missouri Basin. Mr. W heeler wiv 
in the Lincoln office at the end of the Fiscal year. _ , 

The activities of Dr. Robert E. Grcengo and Dr Jam® H. Howard, 
archeologists, wlio were temporarily based at the headquarters of 
Missouri Basin Project, have been discussed elsewhere and need no 

the beginning of the fiscal year a fieldI part* 

was excavating in sites along the Snake River m the *» 

Idaho Power Co. is building its Brownlee and Oxbow dams-Tes 
digging was done in a number of sites, and extensive excavations were 
S on in four habitation^ areas. Two of the latter were on the 
Oregon side of the Snake River at Robinette and ^^^hejdaho 
sidc^t Big Bar. Moat of the material found there indicates that the 
sites date from the late prehistoric period to the early period of Euro- 
pS, contact but at two of the locations there were *?«”!""*« 
much earlier horizons. The general picture obtained by the mvestv- 

middens indiatffl□- to btlnttUonJ suggest* tl,»t rather 
denco os .vas found (MCtoi saucer-shaped floor 

s;~ - ssssssws -& ^ 
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hunting and gathering activities. They have not boon known to visit 
the region regularly since the ISSG's and their survivors are now mainly 
on reservations in Idaho and Oregon, 

Cooperating instftutiom .—Several State and local institutions con¬ 
tinued to cooperate in the Inter-Agency Salvage Program throughout 
the year. In addition to those previously mentioned for the Upper 
Missouri Basin area* the University of Missouri began a survey of 
the Famine de Terre Reservoir on the river of the same name in Mis¬ 
souri and continued its investigations in the Table Rock Reservoir area 
on the White River, The Uni verity of Kansas started a series of 
investigations in the Tuttle Creek Reservoir basin in Kansas, and the 
University of Wyoming excavated in the Glendo Reservoir area in 
Wyoming. In New Mexico the School of American Research began 
a survey of the Navajo Project, and in Arizona the Museum of North¬ 
ern Arizona started a salvage program in the Glen Canyon Reservoir 
basin. The University of Utah also participated in the Glen Canyon 
investigations. The University of Texas had an excavation program 
in the Ferrells Bridge area. The University of Oklahoma worked in 
the Keystone and Oolagnh Reservoirs in that State, In California in¬ 
vestigations were made in the Monticello Reservoir area by Sacramento 
State College and at the Trinity River Project by the University of 
California at Berkeley* At the Dalles Reservoir on the Columbia 
River, the University of Oregon excavated on the Oregon side of the 
river and the University of Washington on the north side. Washing¬ 
ton State College started an excavation project in the Ice Harbor 
Reservoir basin. 

ARCHIVES 

The manuscript collections of the Bureau continued to be utilized 
by anthropologists and other students. About 222 manuscripts were 
consulted by searchers* either in person or through the purchase of 
reproductions. In addition, 95 mail inquiries concerning manuscripts 
were received and numerous manuscripts were consulted by the archi¬ 
vist in preparing replies. As in previous years, as individual manu¬ 
script files were called into use, their contents were reviewed and more 
fully recorded in the catalog; numerous annotations were made and 
about 55 new entries drafted. A number of new descriptive lists of 
manuscripts having to do with specific tribes or subjects were also pre¬ 
pared for distribution. 

Utilization of the Bureau’s photographic collections by scholars, 
publishers, and the general public as a source of documentary informa¬ 
tion and illustrative material continued to increase. There were 444 
inquiries and purchase orders for photographs (as against 294 in 
1956); and 1,019 prints were distributed (978 in 1956). The archivist 
continued to prepare lists describing photographs available for specific 
subjects or tribes; 65 such lists are now avail able* 
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A number of photographic collections relating to specific areas were 
studied by specialists, who not only derived useful lustoricd informa¬ 
tion from them for their own studies, but in turn were able to supply 
for the Bureau records numerous additional details conceining 
identification of subject, locality, etc., thus increasing the ^ a ue o 

collections to future users, . _ , * * «. 

Over 400 photographic views of Mesa Verde, ™ ^ 

made and collected by J. W. Fewkes m the period “ 

studied by members of the National Park Service staff at -Mesa \ erdo 
National Park- fuller identifications and descriptions were provided 
“y^i by the Park staff. About 40 of the fgm W£ 
considered of especial historical interest and wore copied by them foi 

series of 3 124 photographs of ruins in Chaco Canyon, X. lies., 
made by Victor Mindeleff in 1SS7 was studied by Xtdional Park fa* - 

ice archeologists at Chaco Canyon Xationa , * jj^tified 

and Southwestern National Monuments, Globe, Aiiz. ^liej dent 
a number of previously unidentified views and provided details of 
Wfilit v and additional notes on otliera. , 

Th™“ri« an, cl considerable historical inte rn th.t to* *0" 

ruins in states of preservation and repair differing com t eir P 1 
state; a few show ruins that are no longer standing- 

Additional caption information was by Dr. .1UM G 

Conklin of Columbia University for a group of 121 photogi apjis or 
native peoples of the Philippine Islands made and collected by Co . 

^otograpta _ riM to th. 

i»llMtloiathiou*hgiftor!ranfor»PjrojS- d 

lh4 ^ odl85J ^.i«a> 

Vf 1 ’,'Dcp^t of Anthropolo^, Univ^Uy 

of San Diego, San Diego, Calif., lent for copying upn ^ FF 

ing to the Pima Indianai th cy »ngc-m a ^ ? t(j a ntmi ber of 

photographic firm of Baker and Johnston. 
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A gift of 26 glass negatives of outdoor and studio portraits of 
Indians of the Southwest, principally Apaches, was made by Dr, E. M, 
TFurster of Williamsport, Pa., through John Wltthoft, of the Penn¬ 
sylvania State Museum. The photographs are believed to have been 
taken by a photographer named Karnes. 

Two groups of photographic prints were obtained for reference pur¬ 
poses from other institutions (which retain the negatives and the right 
to grant publication permission). Both groups are photographs of 
drawings made by Robert Ormsby Sweeny in Minnesota in 1952, the 
year in which he first settled in St. Paul, One set of prints was re¬ 
ceived from the British Museum and was made from that institution's 
collection of 20 original drawings by Sweeny, Another set of 20 
photographs represents a selection from a group of more than 60 
Sweeny drawings pertaining to Indian subjects in the collections of the 
Minnesota Historical Society. 

ILLUSTRATIONS 

The illustrator on the staff of the Bureau devoted his time to the 
preparation of a variety of maps, graphs, mid diagrams, the designing 
of charts, the restoration and retouching of photographs, and the 
preparation of various other illustrative work. An appreciable 
amount of time was allocated to making drawings for other depart¬ 
ments of the Institution. 

EDITORIAL WORK AND PUBLICATIONS 

There were issued one Annual Report, two Bulletins, and one 
miscellaneous publication, as follows: 

Seventy■ third Annual Report of the Bureau of American EtbnokiKJ, 1955-1956- 
11+23 pp.,2 pis. 1937. 

Bulled!) i«i. Seminole music, by Frances Densmore. ssvIIi+223 do.. 18 Bis.. 

1 %. 1956 . 

Bulletin 162, Guaymf grammar, by Ephraim 5. Alphonse. Is+12$ pp. JI556. 
MUcet[anemia publication. List of publications of the Bureau of American 
Ethnology, with index to authors and titles. Revised to June 30,1956, J12 pp. 
ISSSi 

The following publications were in press at the close of the fiscal 
year: 

Bui tetlfl ltH. Antli ropol osIcjiI Papers No A 40-56 * 

No. 49. The Ormond Beach Mound, east central Florida, by Jesse D. 

Jennings. Gordon It Willey, and Marshall T, Newman. 

No, 50. Hair pipes in Plains Indian adornment, a study in Ihdlan and White 
Ingenuity, by John c. Ewers. 

No. 61. Observations on some nineteenth-century pottery vessels from the 
_ Upper Missouri, by Waldo R. Wedel. 

No. 52. Revaluation of the Eastern Sioiwn problem, with particular ern- 
pjasEs on the \ltglnls branches—the Occaneecbt, the Snponi, and the 
Tntelo, by Carl F. Miller. 


6ECESTART'S REFGRT 


65 


Bulletin 1GL Mtbropolugtcal Papers Nos. 4G-&5—Continued 

Nau 5S. An arehwluftcal reconnaissance In southeastern Mexico, by 
Matthew W, Stirling. 

No. S4. Valladolid Maya enumeration,by John P. Harrington, 

No. 55* Letters to Jack Wilson* the Fnluie Prophet* written between 190S 
and lftH* edited by Grace M. Dangberg. 

No, 5S. Factionalism at Taos Pueblo* New Mexico, by WnMam N. Fenton. 
Bulletin 165- Music ef Acoma, Islets, CoehltL and ZnSl Pueblos, by Frances 
Densmore, 

Bulletin l&G. River Basin Murreys Papers* No. & Excavations In the MeNarj 
Reservoir Basin near tji nadllfl , Oregon, by Etonglna Osborne, W ith ftp- 
pendlxes by Marshall T- Newinfln, Arthur Woodward, W. J, Kroll, nDd B. H, 

MeCleod. . _ .. . 

Bulletin iflff. Areheotoglcal Investigations at the month of t bo Amnion* by 

Betty J. Meggers and Clifford E vein* 

Bulletin 16& The Native Brotherhoods; Modern Intertribal organidations on 
the northwest coast by Philip Drucker- 
Bullctl n 169. B h er Basin Surveys Papers, Nos, IH4: 

No, & Archeological investigations! In the Heart Butte Reservoir area. 

North Dakota* by Paul L. Cooper. 

No. 10. Archeological investigations at the Tuttie Creek Dam* Nansan, 
by Robert B. Camming, Jr, 

No 11. The Spain site <39LU3tfl), a winter village lo Fort Randall Reser¬ 
voir, South Dakota, by Carlyle S. Smith and Roger X- Grange, Jr. 

No. 12, The Wilbanks site (BCK-5) P Oeorgfnp hy WllUam H, Sears, 

No. 13. Historic sites lo and around the Jim Woodruff Kei*ervoSr area* 
Florida-Georgiy by Mark F. Boyd. 

No, 14, Stx sites near the Chattahoochee River in the Jim W oodruff Reser¬ 
voir urea, Florida, by Ripley P- BuUen. 

Bulletin 170. Excavations at La Venta, Tabasco* 1955. by Philip Drocke * 
Robert F. Halier, and Robert J. ^uier, With appendixes by Jonas E, Cali¬ 
ber^ Gnmlss H- Curtis, and A* Starker Leopold- 

Publications distributed totaled 2S^58 ns compared with 17,018 for 
th.B fiscal year 1956* 

COLLECTIONS 

21411ft. J cedar-bark mats from Nootka Indians. British l^lomhift, Cannda^ 
214961, 2* mlscoUnaecuH archeological specimens from Tennessee an 

collected bj J. W, Ecnaicrt and O. Fowfce before 18SH, _ 

3CS0I4. 15 land saulle frotn Ecuador and <8 ethnological speduttM Iron. Ecua¬ 
dor A ad Florida (through Dr, M. W. StLrlmg). 

205300, John W, Powell catalog of Indian collection* leposl n 
£oniau Institution, nod snplilement to catalog, 

2Q744J5. is specimens associated with Zuiil Indian relive* cult i-mctlce*. 

I’plOM RlVEl BftSUS SURVEYS 

212741. 2 fresh water mussels from Iowa (through Robert Ij, ftteiihcnsunj, 
2111.77. Archeological material from 4 Mebrnska count os, . 

211158, Archeological material from 2 sites in Oahe oserro ' 

S. Dak,, and human skeletal material, ID.kj. „ D k 

21352& Archeological material from Bock Village, Mercer ' * ’ 

1M0-6& 
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Ace NO. 

21S765, 0 aptclmeni of arels^Ioglcal material from Pembina River Reservoir, 
N. Dftk„ 19*8. 

2149S1, 1,332 epectmcxia of arebeolodcal mnterlol from Fort Ikmdnll arm, 
Gregory and Lyman Uounties* & DaJu 1950-52. 

214234, Archeological material from Garrison Reservoir, McLean CounEr P 
N, Dak., 1932, 

214612, Archeological material from Fort Randall Reservoir, Lyman County, 
3. Dak_, 1960, 

MISCELLANEOUS 

Dr. John H h Swauton, Dr, John P* Harrington* Dr. A. J, Waring, 
Jr,* and Ralph 5. Soledd continued as research associates of the 
Bureau of American Ethnology. 

Dr. Frances Densmore, who had been a collaborator of the Bureau 
for a period of 50 years, died June 5,1957* at her home in Red Wing, 
Minn,, at the age of 90. Shortly before her death she corrected the 
proof of her last bulletin for the Bureau entitled “Music of Aco-ma, 
Islcta, Cochiti, and Zuni Pueblos, ?r which will Iks distributed in Au¬ 
gust 19 ;p 7, Thirteen of her papers on Indian music were published 
by the Bureau a# complete bulletins, five as anthropological papers, 
and one was published in the Annual Report series* 

Information was furnished during the past year by staff members 
in reply to numerous inquiries concerning the American Indians, past 
and present, of both continents. Twelve bibliographies or informa¬ 
tion leaflets were prepared and duplicated for distribution to the 
public, as follows: 

SIL-1G, rev. Indian Crafts and Indian Lore- Bibliography, 

SIL-50. Selected Ust of Portraits of Prominent Indians. 

SlL-e5 F rev. Rlblioffraphy on the American Indians, 

Sllr-76. Statement regarding the Rook of Mormon, 

Srtr-79* Indian Songs and Dance*. Bibliography. 

SIL—R1 r Selected Bibliography on Sume-cbipplD^ Methods 
SEL-89. Selected Referent on the Plains Indians. 

3IL-92, Origin of Lhe American Indian, 

3IL^0flv Trnlla a ad Trade Routes, 

SIL-nti. j'liofogriiphtc Collections pertaining to the AmwLeim Indians. 

Sir,-^ Selected References on the Seminole Indians, 

SIL-DG. American Indian Medicine. BUjllOffraph*. 

Many new descriptive lists and information leaflets wen prepared 
in answer to requests for information on the Bureau's photographic 
and manuscript collections. There continued to be a popular de- 
mand for information, published material, and photographs from 
teachers particularly of primary and secondary grades—from Scout 
and other civic organizations, and from the general public. Infor¬ 
mation and reference material for term papers were constantly re¬ 
quested by hundreds of high school and college students. Staff mem- 



SECRETARTTS REPORT 


67 


bars and the archivist were frequently consulted by publishers re¬ 
garding the progress made in the various fields of anthropology and 
on specific projects for background material to be used in scientific 
and popular magazines and books, appropriate pictures and illus¬ 
trations* Many specimens were identified for owners and data sup¬ 
plied to them. 

Respectfully submitted. 

JL W. STERLING, 

Director^ Bureau of American Ethnology. 
Dr. Leonard Carmichael, 

Secretary } Smithsonian Institution^ 


Report on tlie Astropkysical Observatory 

Snt: I have the honor to submit the following report on the oper¬ 
ations of the Astrophysics] Observatory for the fiscal year ended June 
30, 1057: 

The Astrophysics! Observatory includes two research divisions: the 
Division of Astropliysical Research, for the study of solar and other 
sources of energy impinging on the earth, and the Division of Radia¬ 
tion and Organisms, for investigations dealing with radiation as it 
bears directly or indirectly upon biological problems. Three shops— 
for metalwork, woodwork, and optica] electronic work—are main¬ 
tained in Washington to prepare special equipment for both divisions, 
and a field station for solar observation is located at Table Mountain, 
Calif. 

DIVISION OF ASTROPHYSICAL RESEARCH 

The transfer of the office of the Director of the Observatory and the 
Division of Astrophysicnl Research from Washington to Cambridge, 
Mass,, has made possible a close liaison with the Harvard College Ob¬ 
servatory—a working association that proved highly effective during 
the year. 'I here is every indication that this relationship between two 
of the great astropliysical centers in tlie United States will continue 
over the years to stimulate the efforts and increase tlie effectiveness of 
both institutions* 

Important progress was made in the past year in the reorientation 
of the Astrophysical Observatory *b research program toward broader 
scientific investigation of various solar-system phenomena—a pro¬ 
gram that should bear heavily upon the scientific progress of our 
nation during the coming decades. Concentration, as in the past, 
concerns the impact of radiations, atoms, and mctcoritic particles on 
the earth, both in its atmosphere and upon its surface. All these 
phenomena represent energy sources that affect our atmosphere and, 
to varying degrees, the conditions in which we live, particularly the 
technological instrumentation which has become such a vital part of 
our great modern civilization* Vigorous and effective research pro¬ 
grams in the special fields of activity of the Observatory are now 
firmly established, and a considerable portion of the work fa closely 
integrated with the massive effort of the International Geophysical 
Year. This fa particularly true of the satellite program, studies of 
the upper atmosphere, and various aspects of the meteoritic&l research 
programs. 
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One of the long-term goals of the Astrophysical Observatory b to 
conduct astronomical observations and experiments above the atmos¬ 
phere and to develop relevant techniques of value to the research pro¬ 
gram. TThen this goal has been attained, we shall not only improve 
vastly the precision and significance of our observations by eliminat¬ 
ing the deleterious effects of a hazy, cloudy, turbulent, and mostly 
opaque atmosphere but also greatly increase our understanding of the 
interactions, because the external energy sources affect profoundly 
this ocean of atmosphere in which we live. 

Solar azti-ophymica.— Early in the fiscal year, Dr. Theodore E. 
Sterne Joined the Astrophysical Observatory as Associate Director, 
with the principal duty of supervising solar astrophysical research. 
The following are among the studies that have been pursued in this 
field: 

The Table Mountain station continued to operate despite atmos¬ 
pheric disadvantages outlined in the 1956 report. Of the observing 
staff, F. A. Greeley retired during the year, and Stanley Aldrich went 

on leave of absence at the end of the year. 

Careful statistical studies of the variation of solar radiation inten¬ 
sity were made by Dr, Sterne and by Mrs. Kannieiou Dieter, who 
iofned the Observatory for the summer of 1956, By comparing simul¬ 
taneous Montezuma and Table Mountain values between 1926 and 1955, 
they found that the root-mean-square value of real changes m the 
solar constant during this interval was no greater than 0.0032 cal™ 
per square centimeter per minute, or about 0.17 percent of the solar 
constant itself. Thb result demonstrates the high precision of the 
fundamental observations made over the years. They also calculated 
correlations from the observations at each station separately and found 
no periodicities that were common to the two stations. 

A thorough study is being made for the improvement of the radia¬ 
tion-measuring program by changes in tlie site, the observing equip¬ 
ment, and the frequency of observations. . 

Dr Max Krook lias been investigating the theory of nonsteady phe¬ 
nomena in the solar atmosphere and corona. His studies include the 
effects of convective instabilities and magnetic fields on the state of 
motion of the solar atmosphere, and have shed light on the production 
of such events as sunspots, flares, prominences, and the production of 

^Theoretical studies of the propagation of non adiabatic acoustic 
waves in the solar atmosphere have been made by Dr. ^WTutne* 
who joined the staff in July » He has succeeded ^ constructing 
a theoretical model for solar granulation (small-scab 
tuations observed on the solar disc) which ,s maccorfwithobwrva- 
tions. Although such studies have been made with particular empha¬ 
sis on solar activity, they will have a much wider application. 
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Dr. John H. Waddell has been investigating, theoretically and ob- 
servationally, the velocity fluctuations in the solar photosphere and 
their effect on the line spectrum of the solar disc. 

Dr. Alan S. Mcltzer, "who joined the staff in October 1056, has bean 
conducting two studies of solar line profiles: I, variation of Doppler 
half-width with atomic weight; II, parity effect. During the months 
of March and April 1057, he made observations relevant to these two 
studies at the Sacramento Peak Observatory, Sunspot, N. Mex. 

Dr. William M. Sinton, who joined the staff in July 1056, left in 
May 1957 for the Lowell Observatory at Flagstaff, Ariz. While with 
the Smithsonian he used photoconductive equipment and the Wyeth 
61-inch reflecting telescope of the Harvard College Observatory to 
observe the intensity of radiation from the planet Mars in the vicinity 
of 3.46 microns, during the planet’s 1956 opposition. The reflection 
spectra of most planets show absorption in this spectral region arising 
from the carbon -hydrogen bond. The absorption bands are so dis¬ 
tinctive that if present in Mars light they would be evidence for or¬ 
ganic molecules and, therefore, of life on Mars. The electrical meas¬ 
urements with die 61-inch telescope indicated the probable presence of 
the distinctive bands and thus of life, probably vegetable, on Mars. 
The effect of solar radiation on Mars is obviously important in under¬ 
standing its effects on the earth. 

^ MeteoriticaL studies .—Meteoritical studies have been a part of the 
Smithsonian Institution's scientific research program for over SO 
years, during which time its meteorite collection has been developed 
into one of the most outstanding in die world. The only tangible 
extraterrestrial material, meteorites are of great astrophysics! interest. 
Under Dr. John S. E inch art's direction, the Astrophysical Observatory 
undertook, during 1956, a freshly oriented program of meteoritical 
research, with the principal objective of resolving astrophysical prob¬ 
lems. This program is now well under way with the pursuit of the fol¬ 
lowing specific activities: A study of the processes that cause the abla¬ 
tion of meteorites during their flight through the atmosphere; the 
design and construction of an electron fluorescent X-ray micronans- 
lyzer to be used especially for studying the distribution of nickel, 
iron, and cobalt within meteorites; the collection and identification of 
airborne extraterrestrial material; the sending of an expedition to the 
Arizona Meteorite Crater for determining the distribution of meteor- 
itie debris about the crater; and the determination of the ages of 
meteorites by radiochemical techniques. All these efforts have been 
directed toward solving the riddles of the ages—the origins and 
natures of ext rater rest rial material 

The study of ablation of meteorites has been concerned with the 
distinct shapes and surface features of a large number of meteorites, 
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and the examination of the internal structure of meteorites from a 
metallurgical point of view* The plan is to prepare detailed descrip¬ 
tions of the topology and morphology of individual meteorites, especial 
interest being paid to those that show ablation. While very little 
can yet be said about the total amount of meteoritic material lost, 
meteorite size and material are both very critical factors. It has been 
found that small (up to 3 inches in diameter) meteorites are smoothly 
sculptured; large stones exhibit shallow elongated pits or depressions 
(2 cm. by I cm* by 5 mm. deep): and large irons, very deep pits 
(5 cm. in diameter and 3 cm. deep). The number, distribution, and 
size of the depressions depend upon the relation of a particular surface 
or portion of surface to the direction of flight. Pronounced irregu¬ 
larities of shape increase ablation* Finally, heat from the surface 
seems to penetrate into the meteorite at most only a few millimeters 
beyond where ablation leaves off. Dr. E, P. Henderson, of the United 
States National Museum, is actively engaged in this project, w hich is 
being supported by the United States Air Force Office of Scientific 
Research, One of tlio most difficult and challenging problems facing 
the present-dav aerodynamical engineer is the rational design of pre- 
flight devices that will withstand the rigors of the passage through 
the atmosphere. The investigations of the Astrophysical Observatory 
will yield basic data which may aid in a solution of these problems. 

Dr. F. Helm Riggs, Jr., and Prof. Andrew Lang have nearly com¬ 
pleted the design and construction of an electron fluorescent micro- 
analyzer. The fundamental principle of the instrument is the direct 
excitation of X-radiation characteristic of the elements of the sample 
by a fine beam (approximately 5 microns in diameter) of electrons 
focused on the selected site. The method will be applied first to the 
determination of nickel-iron-cobalt percentages in meteorites that have 
Widmanstaetten figures. The method is applicable to microscopic 

Tn exped it ionconsisti n g of Dr. John S. Rinehart, Nicholas Mat alas, 
R O’Neil, and R. Olsen was in residence at the Barringer Meteorite 
Crater in Arizona during the summer of 1W0, to determine the dis¬ 
tribution of minuscule bits and pieces of meteoritic material in the sod 
around the crater. The expedition collected and processed some .00 
soil samples from over an fiO-square-mile area. Especial y des.gncd 
magnetic separators were used to recover the meteoritic material, fhe 
results have indicated that the debris lies in a 
symmetrically distributed about a line that rims roughly about 15 
north of eastwhile symmetrical, the distribution isnot smooto but 

contains several local areas in which ™ d 

terial is high; the crater does not lie at the center of the pattern at £ 
there is a concentration of material to the east of the crater. 
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findings strongly suggest that the meteorite approached the crater 
from a direction slightly to the south of west rather than a north- 
north westerly direction, as has been previously assumed. The total 
amount of finely divided mcteoritic material was found to be about 
12 5 000 ordinary tons* which fixes a lower limit to the mass of the 
meteorite that formed the crater- The expedition was supported in 
part by the Geophysics Research Directorate of the Air Force Cam¬ 
bridge Research Center, 

A concentrated effort Is now being made to estimate the rate of 
accretion of meteoric material by the earth and to establish the physi¬ 
cal nature of this material. Most of the mass is probably accreted in 
the form of dust and small particles. From a practical point of view, 
astronautical ventures and possibly rainfall could be influenced by 
such material. Thus far a few collections of dust (presumably 
meteoric) have been made on the ground, A method will be devised 
and a device constructed for collecting micrometeorites from aircraft 
and balloons at and above stratospheric altitudes. The designs of 
collectors are well underway, and an Air Force-furnished aircraft is 
in sight for use in making collections, Paul Hodge is working ac¬ 
tively on this project. 

Dr. E- L, Fireman is continuing his ground-breaking studies of the 
stable and radioactive isotopes produced by cosmic rays in meteorites 
and by high energy particles in targets. Previously he conducted this 
research at the Brookhaven National Laboratory. Part of the equip¬ 
ment used for these studies has beeen transferred from Brookhaven 
under a research contract with the Atomic Energy Commission and 
put into operation at the Astrophysical Observatory* where a 
radiochemisEry laboratory has been set up. Dr, Fireman also col¬ 
laborated with Dr. J. Ziihringer to measure the depth variation of 
tritium and argoti^T produced by high-energy protons in iron. 

Dr, Luigi G. Jacchia has supervised the reduction by accurate tech¬ 
niques of meteors photographed with the Super-Schmidt cameras un¬ 
der the Harvard Meteor Program and has conducted research on the 
physical nature of meteors through a study of their deceleration and 
fragmentation inside the earth’s atmosphere. Among the significant 
results of this research in the course of the elapsed year can be listed 
the finding tiiat there is no clear-cut evidence for the presence of hnrd- 
bodied meteors of asteroidal origin among 3G1 Super-Schmidt meteors 
which were analyzed, and the result of the comparison of visual and 
photographic magnitudes of meteors, which showed that the ^color 
index 3 ’ of meteors is rather independent of velocity* but shows a strong 
dependence on meteor brightness. 

Upper atmosphere and satellite-tracking programs .-^'The respon¬ 
sibility for the optical tracking of the IGY earth satellites was as- 
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signed to the Smithsonian Institution by the National Academy o 
Sciences and the National Science Foundation at the recommendation 
of the United States National Committee of the International Geo- 
physical Year. Dr. J. Allen Hynek, who became an Associate Direc¬ 
tor of the Observatory on July 1, im, has been in charge of the 
Optical Tracking Program. Major extension of staff m th * trackl ^ 
project began in September 195G, and has grown steaddy during the 
course of the year as various specialists were invited to join the sta 
under contract through funds furnished by the National Science 
Foundation. As of June 30, 1957, the satellite-tracking stall con- 

sigted of 32 persons , . . * 

The optical tracking program for the satellite has three in am divi¬ 
sions: The photographic tracking program under the superusio 
of I)r. Karl G. Henize; the computational, analysis, and communica¬ 
tions division under the supervision of Dr. Don Dmtman; and the 
visual search program, popularly termed Moon watch, under 

direction of Leon Campbell, Jr. , w 

The precision photographic program will employ li. B^ex-Nimn 
Schmidt cameras at strategic locations in a worldwide bait. I he 
sites will be located in Florida, New Mexico, Hawaii, Japan, Aus¬ 
tralia, India, Iran, Spain, South Africa, Argentina, Peru, and the 

Netherlands Antilles. _ . A 

The designs of the mechanical and optical parts of the telescopy 
have been completed, and the instruments are under active construc- 
lum The mechanical portions of the telescope-cameras are being 
constructed by the Boiler and Omens Co. in South 
the designs of Joseph Nunn, while the optical component* are being 
constructed at the shops of the Pei km-Elmer Carp.,.according 
designs made by Dr. James G. Baker. Glass for the SO-inch .mrrore 

J5£S5£S3i^3»'*m i-1» du . r i"® 

the latter part of 1958. Each station is to bo equipped with precision 
timing devices and all auxiliary apparatus necessary to the mamto- 

"““'V “ £costive v»t™. mft .he 

oi>cn.t,d, wherc.fr peffl.ble, » *. Ugheet 

sMssrt?i “»" T ” b tt“ of 

degree or co p . .. * Doiutcd out, continues the long- 

located observaiork^ around the , ij t aTe 

«••—* - 

mode as versatile os possible to al ■ . m ftnd other 

shapes of satellites expec^ei _ indeed, it should even be possible 
tries during the course of the Iti 1 * -l * 
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for these instruments to photograph a higlify reflecting sphere the 
size of a tennis ball at a distance of more than 200 miles. 

The popular interest and cooperation generated by the Moon- 
watch program have far exceeded the expectations of the Astro- 
physical Observatory. In the United States alone there are PD reg- 
istored Moonwatch teams comprising more than 1.500 voluntary 
observers, many of whom are amateur astronomers of considerable 
experience in the observation of the sky. A regular series of Moon- 
watch bulletins has been initiated by the Smithsonian Astrophysi- 
cal Observatory, published in Sky and Telescope., with reprints fur¬ 
nished to all registered observers. The bulletins are regularly 
translated into Spanish for distribution in South America and Spain, 
while the English edition is mailed to many parts of the world, 
Moonwatch stations have been established also in Japan, Iran, Korea, 
Argentina, Peru, Chile, Australia, Union of South Africa, Pakistan, 
and India, One aspect of the Moonwatch program which should not 
Imj underestimated is its contribution to the creation of interest, among 
the public in scientific matters. Moonwatch teams provide oppor¬ 
tunity for serious people without specific scientific training to partici¬ 
pate in the ICY program and to render a definite scientific service. 

The computation and analysis division of the program is now pre¬ 
pared, through the use of electronic calculators, to handle orbital com¬ 
putations from the raw data furnished by the precision stations 
as well a S the Moonwatch stations. International Business Ma¬ 
chines Corp. has made possible the use of their 704-computer instal¬ 
lation at Massachusetts Institute of Technology. The Observatory 
will receive up to I hour a day of machine time until June 30. 1900, 
for satellite computations. IBM will also supply one or two program- 
qts for technical assistance 

Such computations will furnish the immediate ephemerides for 
satellite positions, so that the precision tracking stations can be 
properly alerted, and the Moonwatch teams and public in general 
informed of the satellite’s immediate whereabouts. The long-range 
purposes of the computation and analysis division, however—and its 
most important aspect—are the detailed analyses of the changes in the 
various elements of the satellite orbit. These orbital calculations are 
essential to the proper use of the satellite as a scientific vehicle for 
geodetic nnd geophysical purposes. 

^ In support of upper-atmospheric studies by satellite methods Dr, 
Sterne has completed a theoretical research on the gravitational motion 
of a particle of small mass near a planet flattened by rotation. He dis¬ 
covered a novel Hamiltonian function that led to an exact analytical 
solution for the motion of a particle in very nearly the correct field of 
force. Dr. Sterne also developed special mathematical procedures for 
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inferring the density of the earth's atmosphere from ft satellite at such 
low altitude. In the course of this work he extended a U. S. Air 
Force atmospheric model to much greater heights than the 540 kilo¬ 
meters at which the Air Force abandoned it. 


PUBLICATIONS 


Volume 1 and numbers 1-4 of volume 2 of the Smithsonian Contri¬ 
butions to Astrophysics were published. Volume X, issued under the 
partial support of the National Science Foundattotij included New 
Horizons in Astronomy, a series of 39 papers by eminent American 
astronomers outlining future research of importance in astronomy. 
Research contributions on meteors and solar work comprised the 
remainder of the public ations. 

During the current year the following publications by Eta IT mem¬ 
bers of the Astrophysicul Observatory appeared in various scientific 


journals; 


Fireman. EL L., nod Sen w aimer, D. MeaFarcTnent of Li", Ee^ and EL* In meteor¬ 
ites and Its relation to cosmic radiation, Geocblm. and Costpoctlni. Acta, 
vol, 11, No. 4, April 1057. 

Henise, K\BL G. Tbe Baker-Satin so tel Ute-t rooking earners. Sky flod Tele- 
ecoijc, vol, lfl, pp. 108 - 111 , January 1057 . 

Jaccjiia, L. G. A preliminary analynia or atmospheric densities from meteor 
decelerations for solar, lunar and yearly oscillations. Jonre, MeteoroL, 


vol. 14, pp. 34r-37, 1057. „ _ j 

Kaoos, Max. Electrodynamics of fluids and pl&einas, Smithsonian Contr, 

Astropbys., vol, 1, pp. 53-CS. 1056. 

Melixee, Alan S. Spectroscopic investigation of Algol. Astrcphys. Joum, 


voL 125. p. 35S>. 1B5T. . 

Meltvee, Alas S-. Sen as?-b child, M, and B„ and Seable. L. A spectroscopic 
comparison betwren high- and low-velocity K giants. Astropbys. Journ., 

voL 125, p. 123. 105T. tl , _ 

Bineijabt, Jons S. A rid lea lions of hlgL speed ptotographte 

byperreloclty free-fliglit investigations, Proc. 3d Jnt- Symp, High Speed 
PhotOgTr But ter#Orth Scientific FubMcotlcitiJj, 1953. 

__ Meteorit^L SnaithaGPfJm Goctr. AstropbyEl. T to]. 1, p- Sli 1G5G, 

___ Ration of meteorites [nfostractL Ball. Amer. Flxjs. toL 2 p p r 


A soil survey ft round the Barringer Crater, Sky and Telescope, vol. 16. 

6 T.inn 


_S' Ariwna^ietwrit* enter, by H* H. Ninlnger [review]. Sdence, 

Waims, Faun U Meteors. Smlttomtan Contr. ABtrcphy*. vol. % pp. S3-SS, 
_Bdenttflc value of artificial satellltea. Joum. Franklin Inst, 

_L°!' SS’JSi? M ««. <* * » * »V* 5 **!- "»• 

__. warned : Spotters for (be satellite M«i« Digest. December 1*58. 

-ISIo. World Book Encyclopaedia, PP l8S !* m 

_. The sunward tail of comet Arend Rotand Hotter], Nature, . . 


p. 1240, 1057, 
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W^riPPtf, Feed L, Davis, B. J., and Zteleer, J + B. The erbit of a small earth 
satellite. In ’'Scientific Uses of Earth Satellite** pp. 1-22. DnfrcrsUj of 
MichicraD Pres^ 11130, 

-Time available for the optical observation of an earth satellite. 

ibid + pp. aa^sa 

Whiffle, Faeq L n and Jacciila, L. G. The Harvard photographic meteor prt^- 
gramme /» “Vistas in Astronomy*” vol. 2. Pcrgamon Press, 1950. 

-. The orbits of 30S meteors photographed with Super-Schmidt 

cameras [abstract]. Astrcn. Jonro* vol 02, pp. 3T-S3, 

-- Reduction methods for photographic meteor trail* Smithsonian 

Contr. AStrophy^ tol 1 F pp, IBS-203, 105T + 

Wurpput, Fred L,, and Weight, F. W r Methods* for the study of shower radiants 
from photographic meteor trail* Smithsonian Coatr. Afitrophy*, vot 1* 
pp r £30-2*3, 1957. 

OTHER ACTIVITIES 

A conference on Constants for Orbital Calculations was held at 
the Aatrophysical Observatory on January 25, 1057, On February 
15, 1957, a conference on Solar Measurements was held at the Smith¬ 
sonian Institution, Washington* D, C. The Smithsonian As trophy si- 
cal Observatory and the Harvard College Observatory acted as co¬ 
hosts at. the meetings of the American Astronomical Society, May 8-11, 
1957. The Astrophysical Observatory wag host to the international 
Third Cosmical Gas Dynamics Symposium, June 24r-29, 1957. 

Various staff members attended meetings of the American Astro¬ 
nomical Society, the American Physical Society, and the Third Cos- 
mica! Gas Dynamics Symposium, 

Dr. E. L* Fireman attended the National Academy of Sciences con¬ 
ference on Nuclear Geology and the Gordon Conference on Nuclear 
Chemistry* 

Dr, John S. Rinehart participated in the Third International 
Symposium on High Speed Photography in London, September 1956; 
the Institution of Mechanical Engineers Conference on the Properties 
of Materials at High Kates of Strain in Tendon, May 1957; the Air 
Force Office of Scientific Research and Naval Research Laboratory 
Symposium on Hyper^elocity and Impact Effects, Slay 1957; and 
the National Academy of Sciences Symposium on Tekfcites, Wash* 
ingto n t June 1957, 

In the interest of obtaining optical tracking sites for the Satellite 
Tracking Program, Dr. J, Allen Hynek traveled to South America, 
visiting Montevideo, Uruguay; Santiago, Chile; Lima, Peru; 
Antofagasta, Peru; Arequipa, Peru; and Curasao, N* W. L, during 
January 1957. He also traveled to Teheran, Iran; Delhi, India; 
Tokyo, Japan; and Hawaii during the latter part of May and early 
June of 1957 to inspect optical tracking sites. Dr. Karl G* Henize 
traveled to Spain and South Africa between March 20 and April 7, 
1957, to inspect optical tracking sites. 
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The Director attended and contributed to the International Geo¬ 
physical Year conference at Barcelona, Spain, September 1558, and the 
International Federation of Astronautics Congress at Home in Sep¬ 
tember 1056. He was panel leader of and contributor to an Astronau¬ 
tics Symposium, San Diego, January 195", sponsored by U. S. Air 
Force, Office of Scientific Research, and by the Convair Corp. 

In national science and defense, the Director contributed by serving 
in the following capacities: Chairman of Technical Panel on Rocketry 
of the International Geophysical Year; member Technical Panel on 
the Earth Satellite Program of the International Geophysical Year; 
member of the working group on Trucking Earth Satellites on above 
panel; member Panel of the Atmosphere of the Scientific Advisory 
Board to the Air Force; member Committeo on Cosmic and Terrestrial 
Relationships of the American Geophysical Union; Editor, Harvard 
Announcement Cards; and general editor, Smithsonian Contributions 
to Astrophysics. 

DIVISION OF RADIATION AND ORGANISMS 
t Prepared 1 >y R. B. WriBiwm, CJdtf of the Division) 

The major activities of this division have been concerned with fun¬ 
damental physiological and biochemical research on the role of light 
in regulating growth in higher plants. Seed germination, seedling 
growth, flowering, and the development of what is commonly referred 
to as a “normal plant” are controlled by light. Figments within the 
organism absorb the light and convert it into chemical bond energy 
and thus initiate a chain of events that produces the observed growth 
effects. In most instances, relatively little light is necessary. This 
is in contrast to the photosynthesis of sugars where very high inten¬ 
sities are required for optimal results. There is n similar group of 
light-controlled reactions in animals which legulato many phases of 
reproductive behavior. Plans are now being implemented to inves¬ 
tigate this phase of animal physiology. 

The two general groups of photochemical reactions that regulate 
plant growth arc (!) those controlling photomorphogenesis, which 
arc activated, chiefly by red and far-red light, and (3) those con¬ 
cerned with phototropism, controlled principally by blue light. The 
respective pigment systems channel the energy into different biochem¬ 
ical pathways and therefore induce entirely different physiological 
responses. 

PhotOTnotphogeH^sii .^Seed germination, seedling development, 
flowering, bud development of woody plants, and changes in stem 
length are examples of formative processes controlled by light from 
the red end of the spectrum. Collectively, those may be grouped un¬ 
der the term “photomorphogenesis.” 
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Reports from other laboratories have indicated that chemicals such 
as gibberellin and kinetin will, to some extent, replace red irradiation 
in promoting some photomorphogenetic processes such as seed germi¬ 
nation and flowering. These materials hare been tested on seedling 
growth during the past year by Dr. TV. H. Klein and Victor Elstad! 
It was found that gibberellin and kinetin could not substitute for red 
irradiation in this case. Both inhibited the growth induced by a red 
exposure and produced results similar to those of the growth-regu¬ 
lating hormone, indoleacetic acid. Gibberellin and red radiant 
energy initiate separate and distinct growth responses and, when 
added together, produce a resultant of the two reactions. 

The induction of growth by red radiant energy (CGO mp.) can be 
blocked by far-red energy (710-730 m^), Dr. Jvlein, Dr. R. B. 
Withrow, and \ ictor Elstad have found that the efficiency of the far- 
red is markedly increased by interposing a dark period of 60 to 90 
minutes between the red and far-red treatments. This suggests that 
a thermochemical step intervenes between the absorption of red radi¬ 
ant energy and maximum capacity for inactivation by far-red. Re¬ 
ducing the temperature from 25° C. to 2° C. during the light treat¬ 
ments has no measurable effect on the induction process, but the 
lowered temperature reduces the maximum photoin activation by SO 
percent when compared to photoinactivation at 25° C. This sub¬ 
stantiates the thesis of an intervening thermal step. 

Phototropmn, —There is a wide range of growth reactions acti¬ 
vated by blue radiant energy, including cytoplasmic streaming, 
changes in cell-membrane permeabilities, the regulation of respira¬ 
tory enzymes, changes in bioelectric potentials mid phototropism or 
bending of plants toward a light source. The late Dr. E. S. John¬ 
ston of this laboratory became interested in phototropism in 193-i and 
made the first precise quantitative measurements of the spectral char¬ 
acteristics of the phototropic response in oats. From these data it 
was postulated that the pigment system activating the response ab- 
sor d chiefly in the blue and was likely to be a carotenoid or a flavin. 

At the present time Walter Shropslure is conducting experiments 
to resolve the question of the identity of the photoreceptor by deter- 
mining if l ho response, occurs In the near-ultraviolet where the ab- 
sorption of flavin is markedly greater than that of carotenoids. The 
results of Ac«n«-t]p-cuj-vature experiments indicate that both pig¬ 
ment systems may bo involved. The action spectrum in the visible 
has the peaks characteristic of carotenoid absorption, while in the 
near-ultraviolet tho response is characteristic of a flavin system. 

Experiments are in progress to ascertain the function of each of 
these pigment systems, using straight growth measurements of intact 
Avena seedlings and the curvature of carotenoid-dclicient Phycth 
mycca. An attempt is being made to correlate all the blue photoreg- 
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ulatory reactions to see if they are mediated by the same basic mech¬ 
anisms. 

A National Science Foundation grant for 3 years is supporting the 
major portion of the work at present. 

Chloroplaet development.^ It has been found by Dr. J. B. Wolff 
and L. Price that radiant energy is necessary for the maturation of 
tho chi oro pi fist, the photosynthetic organ of the leaf of higher plants. 
The progress of this photomorphogenetic development has been fol¬ 
lowed by measuring the gradually increasing rate at which the leaf 
is able to synthesize chlorophyll when placed in high red or blue 
irradiances. In the leaf of a dark-grown seedling the rate of chloro¬ 
phyll formation is at firet very slow, but after two or three hours of 
high-intensity irradiation, the rate begins to increase. Therefore, 
the time lug before the leaf begins to form chlorophyll rapidly is 
taken as the time required for certain developmental changes in the 
proplastid as it is transformed into a functioning chloroplast. 

Irradiation of dark-grown bean or com leaves with a small amount 
of red energy (prior to incubation in the dark I has been found to be 
more effective than blue energy for stimulation of the ability to form 
protochlorophyll. Oxygen is required for the developmental proc¬ 
esses, since it was noted that little or no chlorophyll is formed in an 
atmosphere of nitrogen. 'When the temperature at which the leaves 
are kept was lowered from 25 e C. to 15° C., the metabolic processes 
necessary for synthesis of the chloroplast components are almost com¬ 
pletely stopped; too high a temperature has a similar effect. These 
metabolic processes are being studied in greater detail. 

Photoperiodie chl-oroeis .—Chlorophyll content of a number of 
plants is markedly influenced by the relative lengths of the light and 
dark periods. The leaves of young plants often show a marked 
chlorosis, with a definite pattern of interveinal yellowing when given 
long light periods in a 24-hour cycle. Often associated with the 
mottling are nastic responses, very similar to those occurring with 
certain types of virus infection, Temperature is closely correlated 
with light in influencing this process. At some temperatures, the 
plants are yellow and at others green, regardless of the photoperiod. 
Particularly docs u cyclic alternation in temperature promote or in¬ 
hibit the chlorosis under light conditions where the converse is true 
at constant temperatures. This type of chlorophyll deficiency has 
not been observed in plants growing under outdoor or greenhouse 
conditions with daylight, but seems to be a response unique to irradi¬ 
ation with artificial sources, particularly the incandescent lamp. Dr. 
Alice Withrow and Walter Shropshire this year have found that the 
far-red is the region of the spectrum which most effectively promotes 
the chlorosis. Far-red also promotes a very marked lengthening of 
the stem. 
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Modification of X-ray damage by visible radiant energy—Th^ 
damaging effects of X-rays and other forms of ionizing radiation to 
tiring cells are duo chiefly to the breaking of the chromosomes and 
interference with normal cell division. Young, rapidly dividing cells 
are most susceptible to X-ray damage and evidence three types of 
aberrations—chromatid break, isochromatid break, and chromatid 
exchange. 

It has previously been reported that far-red radiant energy, when 
used as a treatment supplementary to X-rays, increases the frequency 
of chromatid aberrations. This year, Dr, G. CL Moh and Dr. R. B* 
Withrow have extended the study on the interact ton between red and 
far-red radiant energy at the level of the cell nucleus. 

Root tips of broad bean {Vida fnba) were pretreated with a 3-hour 
exposure of red (62Q-6SD m^) and/or far-red and near infrared (710- 
900 mji) radiant energy, and then irradiated with 120 roentgens of 
X-rays, As compared with the control (X-rays only), root tips 
receiving far-red treatment yielded 30 to 40 percent more chromatid 
breaks and chromatid exchanges. Those receiving far-red followed 
by red energy showed no appreciable increase in aberrations. These 
results indicate that red radiant energy inactivates the action of the 
far-red exposure. In a second scries of experiments* root tips were 
irradiated with red energy for 3 hours, followed by a 3-hour exposure 
to far-red energy. As compared to the control, the red plus far-red 
treatment resulted in an increase of chromatid breaks and chromatid 
exchanges amounting to about 20 percent. It. would appear that 
application of far-red energy after the red treatment could not com¬ 
pletely overcome the inactivating effect of the red. In a third series, 
root tips were exposed for 3 hours to red and far-red energy simul¬ 
taneously by using a broad waveband from 620 to SJ60 m>*. No 
increase in any type of chromatid aberration was found, 

PUBLICATIONS 

Klein, W, H-, Withrow, E. B., and Elstad, V. The response of the hypocotjl 
hook of bean ^ocdlLogs to rniUaiit energy ft ad other factors. Plant Physiol-. 
TOl, 31. Pin, 28^294, 1050, 

Kt.eeJ f„ W + H„ Wit nnow, R, B r , Eutad, V., and Pbice, Ll rhotoeontrol of growth 
and pigment Synthesis In the bean seedling an relatcr! to Irnuhance and 
wavelength, Amcr. Journ. Bot., yah 44, pp, 15-10,1057. 

Su.T7t t W. IL h Wrmaow. R* B-, Withbow, Alice P., and Elstad* V. Time course 
of far-red Icuactfvatton of ptotomorpliogenosls* Science, voL 125, p\x 114(3^ 
1117,1^57. 

Withrow, Alice P m and Woi.rr p J r IT, graduate oxidation by mitochondrial 
preparations from bean seedling- rhysiologla Plantarum, vol fl p pp. 333-343, 
M 

Withrow, ft, B, An Interference'filter monochromator system for the Irradiation 
of biological material. Plant Physiol, to! 32, pp, 355-360,1057. 
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Wits bow* R. E,, imd Mon, C. <1 NdnlrtralEiag radiant energy m an agent in 
mitering the Incidence of X-ray-ledneed dirnmatid abernitlo&g, I, Effects 
rtf far-red and Infrared radiant energy uQ Trad kCbiiJ sa and Vida. IiadSntEon 
Res,, vol + 6, pp. 491-500* 1997* 

Wirmtow, R B-, and Peile, L- A darkroom safalight for research in ptnrtt 
physiology, FUmt Physiol,, VO l, 32, pp. £44—244 1957. 

With tow, R E„ and Withbow, Audi F- Generation, control and measurement 
of visible and near-viable radiant energy. In “BadlAtlrtD Biology, 14 vol 4 
pp, 125-25®* McGraw-Hill Book Co,, 1954 


ornaa activities 


Papers on the research in progress were presented during the past 
year at several international and national science meetings. At the 
annual meeting of the American Society of Plant Physiologists at 
Stores, Conn,, the following papers were given: 

Elimination of the lag phase o( chlorophyll synthesis In dark-grown beau leaves 
by e pretreatment with low irradianccs of monochromatic energy, by B- B, 
Withrow, J, B Wolff, and L. Price. 

The action spectrum and kinetics of furred blocking of the red-induced opening 
of the hypot’otyl book of beau, by W. E Klein, EL B. Withrow, and V, Elstad, 
The role of chlorophyUase in the synthesis of chlorophyll a In higher plants, by 
Jr B, Wolff and L, Price, 


At a meeting of the Southern Section of the American Society of 
Plant Physiologists at Birmingham, Ala,, R. 11. Withrow gave a paper 
entitled “Action Spectrum and Photomorphogenesis in Higher 
Plants” and at the Midwest Section at Ann Arbor, Mich., W. H. Klein 
participated in a round-table discussion on “-EiTecte of Light Quality 
on Plant Development:* At the International Thotobiology Con¬ 
ference at Turin, Italy, and the International Photoperiodisrn Con¬ 
gress at Parma, Italy, R. B. Withrow discussed the current research 
of the laboratory. It. B. Withrow and Walter Shropshire attended 
the national organisational meeting of the biophysical Society held 
at Columbus, Ohio. 

During the year, Ii. B. Withrow served as consultant to the Ollice 
of the Commanding General, U. S. Air Forces in Europe, and also as 
consultant to the Axgonne National Laboratory. He was appointed 
chairman of the International Symposium on Photoperiodism m 
Plants and Animals, sponsored by th© National Research Council, 
which is to be held at Gatlinburg, Term., in the fall of I95T. 

Respectfully submitted. , 

F. L. Whittle, Director. 


Dr, Leonard Carmichael* 

Secretary i Smithsonian Insiilutiom 


Report out the National Collection of 
Fine Arts 

Sir : I hare the honor to submit the following report on the activities 
of the National Collection of Fine Arte for the fiscal year ended June 
30,1957: 

SMITHSONIAN ART COMMISSION 

Ihe 34th annual meeting of the Smithsonian Art Commission was 
held in the Regents Room of the Smithsonian Building on Tuesday, 
December 4,1953. Members present were: Paul Manship, chairman; 
Robert ooos Bliss, vice chairman; Leonard Carmichael, secretary; 
John Nicholas Brown, Gilmore D. Clarke, David E. Finley, Lloyd 
Goodrich, Bartlett H. Hayes, Stow Wengenroth, Archibald G. Wen- 
ley, Andrew Wyeth, and Mahonri Voung. Thomas At Keggs, Direc¬ 
tor, and Paul Vickers Gardner, curator of ceramics, National Collec¬ 
tion of Fine Arts, were also present. 

Afr. Bliss, Mr. Goodrich, and Mr. Hayes commented favorably upon 
the progress of the Smithsonian Traveling Exhibition Service and 
its satisfactory relationship to other organizations in respect to the 
circulation of exhibitions. Mr. Beggs stated that when funds are 
available it will be desirable for the National Collection of Fine Arts 
to organize for circulation exhibitions combining artistic and scientific 
material from Smithsonian collections. It was reported that, although 
Department of State contracts had been vital to tho Service initially, 
these have diminished in size and the Service is now self-supporting. 

A resolution on the death of Lawrence Grant White, a member of 
the Commission from 1950 to the time of his resignation March 3,1956, 
was rend and unanimously adopted, 

1 he chairman stated that the field of architecture was unrepresented 
on the Commission for a term expiring in 1959, owing to the resigna¬ 
tion of Mr. White, The Commission then recommended to the Board 
of Regents the name of Douglas Orr to fill the vacancy. 

The Commission also recommended the reappointment of David E. 
t mley, Paul Manship, Charles H. Sawyer, and Archibald Wenley, for 
the usual 4-year period. 

The following officers were elected for tho ensuing year : Paul Man- 
ship, chairman; Robert Woods Bliss, vice chairman; and Leonard 
Carmichael, secretary. 

Dr, Finley, chairman of the executive committee, reported that 
tins committee had not met during the year. 
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Th& following were reelected members of the executive committee 
for the ensuing year: David E. Finley, chairman; Robert Woods 
Bliss, Gilmore D. Clarke, and George Hewitt Myers. Paul MarLship, 
as chairman of the Commission, and Leonard Carmichael, as secretary, 
are ex officio members. 

The Commission recommended acceptance of the following objects: 

Oil, The Dog Trader, by Richard N, Brooke (1847-1020). Gift of CoL Thomas 
G* Young. Jr, 

Two watereolora, Emergence and Tulips, by Audrey Aviouff (1884-1049), were 
acceded on condition that they be held uni 11 eligible for consideration of the 
accessions committee of the National Gallery of ArL Gift of Mr& Elizabeth 
ShuumatotF. 

OU, Purbelow^ by Albert Sterner, N. A. (lS03-l&4ti). Henry Ward Hanger 
Bequest. 

OH, Days of StmsMnc, by William Wendt, A, N. A- (1865-1946). Henry Ward 
Ranger Bequest. 

Three etchings, by Carl Oscar Borf (1879-1D47) : On the RLm, Grand Canyon, 
Arizona ■ The Chiefs House p MoeiihOpl, Arizona; and Under Western Skie^ 
Anonymous gltt- 

M|niutun? + Young Gentleman, by John Alexander MncBougaU {I&IO-ISM). 
Gift of Henry L. Mllmore, 

A collection Of 69 fans, lEth and 39tb centuries, mostly Froneli and English. 
Gif t of Henry L. MllmorO, 

A IDth-centiiry copy of the Portland Vase, by Wedgwood, England. Gift of 
rani A, Straub. 

The following G0 painting^ as bequeathed by Mabel Johnson Langhorne I oils 
On canvas unless otherwise indicated) : 

Madonna, by Binglo di Hlndo Alberti ue)H (1474-1515), (Tempera on 
wood,) 

Largo Landscape, by Thomas Barker (1T69-1S17). 

Small Landscape, by Thomas Barker (1709-1847). (Oil on wood.) 

Duke of Sujssex, by Sir William Beechey (3753-1839). 

Dutch Gentleman, by Ferdinand Eol (IdlO-HtSO). 

Christ Addressing the People, by Bonifacio Veronese {14Bfl/l-154<)) + 

Small Landscape, by Richard Parses Bonington (1801-1828)* 

J^nd^fiiiCr by John Constable (1T76-1887). 

Small Landscape* by John Constable (1770-1837). 

Windmill, by John Constable (1770-1837), 

SmfLll Landscape, by John Croae f Old Crora^j (175&-1S21). 

Edmund Wallet (1000-1 «87) t hy William Dobson (1030-1040). 

Yeung G Irl, by WSIleta Dro-H (10 ?1-16 
Lflmlsc-a^ by Thomas GoSn.sbcrongh (1727-1758)* 

SEiiaII landscape, by Thomas Galosborndffh {1727-1788). 

Head of Christ, by follower of Giorgione (1477/8-1510/1) + {Tempera on 
wood.) 

Scene in Venice! by Francesco do Guardi (1712-1^). 

Venetian ^cen^ by Francescode Guardi (It 12-3703 ). 

Small Landscape* by Francesco de Guardi f1712-3793). {Oil on wood,} 
IrEdi Gentleman, by John Hoppner (175S-1810L 
Gentleman^ by jEihn Jaehsoa (177S-I831). 

Prince Henry of Wales, by Cornelius Janssens van Cntitao (1555/4-1602/4)* 
Portrait of Rubens" Wife, by Jakob (Jacques) Jordnens (15(13-1078). 
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Gentleman, by Sir Godfrey Eneller (1043-1723),. 

Barnyard Scene, by Robert Ladbrooke (1763/70^1342). 

Self-tNOrtralt, by Sir Thomas Lawrence <1709-1830). 

Vlscuuntess Hatton, by Sir Peter Lely (1613-1030)* 

Festive Scene, by Jan if tense Mole ruler (lOOViO^-lGOS), (Oil on wood.) 
Ralph Cross Johnson (1813-1923), by Ernest Moore. 

Fishing Boats Beating up to Windward, by Edward Moran (182B-19Q1)* 
Judith vnn V olbergen, by Paul us Moreelse (1571-IG38). 

Small Landscape, by John Francis Murphy f 1353-1921), 

Landscape, by John Francis -Murphy (1853-1021). 

Portrait of a Boy, by Sir Henry Raeburn (1753-1823)* 

Portrait of a Gentleman, by Sir Henry Raeburn (1760-1823), 

Lady in White, by Sir Joshua Reynolds f r723-17&2). 

Lord Lifford, by Sir Joshua Reynolds (1723-1792), 

Lord Roth, by Sir Joshua Reynolds (1723-1702). 

Richard Brinsley Cherldan, by Sir Joshua Reynolds (1723-1792), 

Old Man h by Juflepe (Giuseppe) Ribera (1683/^1652/6). 

Interior of New College, Oxford^ by David Roberta (1793-1834). 

Rouen Cathedral, by David Roberta (179(5-1884). (OH on wood.) 

The Doctor's Visit, by Jaa Hartcknz Steen (10287^1079), 

LandflCJipe with Figures, by Jacobus van StrSJ (1T60-1S1E5). 

Mrs, Price, by Sir James Thornhill (1676-1734). 

Baptism of Christ., School of Giovanni Battlatn Tiepolo 11803/8-1776). 
(Oil on wood,} 

Woman Taken in Adultery, School of Giovanni Battista Tiepolo <1003/6- 
1770), 

Head of an Old Man, attributed to Benvenuto di Piero Tial (colled Gnrcfalo) 
(H81-1KS9), formerly attributed to Leonardo da VLnd (1452-1810). 
(Tempera ou wood*) 

Sir Will La to Bootbby, by undetermined artist (formerly Attributed to Sir 
Joshua Reynolds), 

Mrs. Lloyd, by undetermined nrlEst, after Reynolds, 

Marine, by undetermined artist. 

\ Srjsin and Child with Apple, by undetermined artist, (Tempera on wood.) 
Adoration of the Kings, by Bernard Van Of ley (1485/03-1542) + (Tempera 
on wood.) 

Landscape by John Ynrtey, Sr. fI778-1&42). (Watercotor on paper.) 

Small Landscape, by John Verier, Sr. (1778-1842). (Waterector on 
paper.) 

Entombment, by Roller von der Weyden (13D9/1400-UG4), (Tempera on 
wood.) 

Italian Landseer*,by Richard Wilson (1734-1782). 

Italian Landscape, by Richard Wilson 1 1714-1782). 

Landscape, by Richard WHson (17H-I762). 

A bronze bust of Gen. Winfield Scott Hancock, by Jrimes Wilson 
Alexander MacDonald (1824-1908), declined for the National Collec¬ 
tion of Fine Arts, was recommended for acceptance by the United 
States National Museum, to be assigned to the Division of Military 
History for possible use in the new Museum of History and Tech¬ 
nology. Offered by Mrs. Griffin de Mauduit through Mrs. James L. 
Collins, Jr. 
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THE CATHERINE WALDEN MYER FUND 


Sis miniatures, watercolor on ivorj', were acquired from the fund 
established through the bequest of the late Catherine Walden Slyer 
as follows: 

10i3, David McClellan (1773-1520], attributed to Benjamin Trott (ca.lTIft- 
ea.lS41) + 

107. Christopher Burdick (1780-1-88ft). by undetermined artist 

10& Mrs. Christopher Burdick, n£o Lydia Ea&ton (1700-1881), by undeter- 
mined artist 

Nos, 100 through 108 were acquired from Mrs. Janet W. Yutm r Washington, 
D.C. 

10ft. Unknown Gentleman, by George W. Neweombe (111)0-1815). 

110, T@ In Blue Con l, by undetermined artist. 

Nos, 109 and lift were acquired from Mr. A. C, Mayer, Washington, D. C. 

111. CoL Joalah Parker (1751-1810), by Charts Willson Fen] a (1741-1796): 
from Mra, Sue C- Boneh, Washington, D. C. 

WITHDRAWAL BY OWNERS 

Oil, Maid of the Mist, by Thomas Cole, lent October G, 1942, by Mrs. 
L. T* Gager, Washington, D. GL, wns withdrawn by the owner. 

Oil, George Washington, by Charles Willson Pcnle, returned as a 
loan December 4,1050, by the estate of Mi^. John 5. Beck, was with¬ 
drawn by order of Oscar J* See, the executor, on March 28^ 1957. 

art works t ent 

The following art works, oil paintings on canvas unless otherwise 
noted, were lent for varying periods: 

To the Bureau of the Budget, Washington, D, 0- 


Augu.st 7, 1050- 
BepEembor 21 + 

January 23, 19S7.™ — 


Hokbol Indian, by Anion Sarla 
In the Studio, by Arno [do TanilmrSnl. 

The Wander luster 1 'a Rest, by William II, Holmes 
Tbe South Strand, by Emil CarlKn. 

The Wain Team, by George Elmer Browne, 
president John Tyler, by G. F. A, Healy k 
Floher Girl of Picardy, by Elizabeth Naorat 
Ltnlltbgan Bridge, by Hit-hard M, Stevenson. 

March 19, 1957. __ _George Gatlin, by Wi ll lam Fisk. 

Daniel Chester French, by Erelyn Beatrice Long- 
man. (Bronse has reliet) 

To the D. ft. Court of Military Appeals, Washington, D. C.: 

August 1ft, Ifljfl__Summer, by Charles Harold Davis. 

Abraham Lincoln, by Henry Elrte Bqsb-Brown, 
(Bronzed plaster bust and pedestal,) 

February ft, 1957—— _ Evening Tide, California, by William REfaehel. 

Gen. Winfield Scot* Hnncochn by James W. A. Mac¬ 
Donald, (Bronze bust and pedestal,) 

April IS, TflfiT _ _ __ The First Gun at Fort Sumter, by Alban Jasper 

ConanL 
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To The White House,. Washington, D. C.: 

August 15 P 105$_Roseate Spoonbills* by Abbott EL Thayer. 

Mole Wood Duck, by Richard 8, Merym&n. 

January 1-I P 1&37.._.™,_ Early Summer, by Charlotte B. Goman. (Returned 

January 30, 1057.) 

Evening Tide, California r by William RltscbeL 
(Returned January 30, 195T+) 

To the Department of Stato s Washington, D. C.: 

August 15* 1060-- Tomb of "Mahomet the Gentleman " at Eroussa, by 

Osman Eel hem He indy Bey. 

November IS, 1033_— View of Constantinople from Fern* by an unde* 

termined artist 

January 22,10457 _ Spring. Naveulnfc Highlands, by Cblkle H;i*sam. 

Eml of Winter, by John Henry Twncbtman. 

Ala rob 14, MG7—™™ The Torrent, by John Henry Twachtnmn. 

Niagara, by George lnness r 

Autumn nt ArktlUe, by Alexander H. Wyant 

March 21, l&ST™_The Blockmaker, by Edgar Melville Ward. 

To the Dallas Museum of Fine Arts, Dallas, Tex,, for an ‘'Exhibition of 
presidents”: 

September 5, 1056—tJ. fL Grant, by Thoinns LeClear. 

William Howard Taft; by Alyn Williams. (Minia¬ 
ture, watercotor on Ivory,) 

John Tyler* by George P. A. Healy. 

George Washington, by Henry Bcuuettieau, after 
Stuart (Miniature, watercolur on ivory.) 
George Washington, by Henry Bonnet beau, after 
Trumbull, (Miniature, wntereolor on ivory,) 
Woodrow Wilson, by Edmund Tarbell. 

(All wore returned December 13, 105U.) 

To the National Air Museum, Washington, D. C. p portraits (sanguine chalk 
on paper unless otherwise noted) of members of the Lafayette EscudrUle, by 
John Elliott (1858-1D253 : 

October 16, 1D50^_~-Victor Emmanuel Chapman. 

Richard Stevens Conover, 2d. 

Hamilton Coollilge. 

Elliott Christopher Cowdem 
Edmond Charles Clinton Genet. 

Bert HalL 

Gervais Raoul Lufbery. 

James It. McConnell. 

Richard Norton. 

Paul Favelka. 

Normati Prince. 

Philip Rhinelander* 

Quentin Roosevelt 
Alan Seeger. 

William Thaw. 

Georges Thenault 
Raynnl Cawthorne Bolling.* 

William Halsall Cheney.* 

Richard McCall Eillott, Jr.“ 

Bin Tates Rockwell* 


*gcpl* prints. 
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To the Department of Justice, Washington, D. 0,: 

October 18,1858_William C, Preston. by G«m?e P. A. Heal*. 

New Year's Shooter, by George Luka. 

Henry Ward Ranger, by Albert Neubuys. 

Thomas McKean, by Charles Willson Pcale. 

La Vach&rc, by Theodore Robinson. 

The Inn, Germany, by Walter Shlrlaw. 

Infant Christ with Cross and Torch, by undeter¬ 
mined artist. 

February 14, 1057._Early Summer, by Charlotte Buell Coman. 

13n Brave—French Soldier, by Ltide Louise Fery. 
The Watering Place, by Louis Paul Dessar, 

Rev. George Heaton, M. A., by Edward Heaton. 
Self Portrait, by Will H. Low. 

Husk Regina, by Henry Ollrer Walker, 

Manifest Destiny—Buffalo, by Edward KenjcyB. 


Hay 23,185T_. 


(Bronzed plaster.) 

Grimly Bear, Seated, 

(Bronsed plaster,) 

Life Saving Patrol, by Edward Moran. 


by Edward Kernel 


To the National Gallery of Art, Washington. D. C, t for photographing: 

October 28, 1858._Tbomna Hopklnson, by Hubert Fehe, l Returned 

October 31,1G3U.) 

To the Interstate Commerce Commission, Washington, D, C.. 

November 8,1058_Early Spring, by Alexander T. Van Laer, 

Idle Hours, by Harry S, Mowbray. 

Study Bead, Madam Capri, by Walter Sblrtaw. 
Among the Old Poets, by Walter Shlrlaw, 

Walter Shlrlaw, by Frank Duvencck. 

January 7, 1057_.__ November, by Jen 1 Is McEntee, 

Adieu, by Salratti Aly. 

To tbe Department of the Interior, Washington, D, C-, 

November7 1056 _A Pool In the Forest, hy Benjamin Rutherford 

' “ FlU. (Relumed June 13, 1857.) 

BousHtonlc Valley, by Alexander Wyant, (Re¬ 
turned June 13, 1857.) 

To the Corcoran Gallery of Art. Washington. D. C., for the 2.1th Biennial Exhibi¬ 
tion of Contemporary American Oil Paintings. January 13 through March 
10 1D5T■ 

January 3, 1057_-_Cfcresae Enfontlne, by Mary Cassatt, (Returned 

Hay 23.1857.) 

The Island, by Edward W, Redfleld, (Included 
with exhibition shown at the Toledo Museum of 
Art, April 1-30,1051. * fld t0 He circulated by the 
American Federation of Arts through September 
30 IfCS.} 

To tbe Corcoran Gallery of Art. Washington, D. C„ for an exhibition of Prwl- 
clem In] Portraits, March 10 to S^pleiuber 1+ 1^57 r 

March 13,1057.-self Portrait, hr George P. A. Heo1 * 

To tbe Virginia Museum of Fine Aria, Richmond, t a„ for an exhibit on. 

Tastenxnkers" January 18 through February »■ 1( * T: m-maed 

January 4. 1057_ Fired On. by Frederic Remington, ^turned 

MeltcIi S, 


431KH>—08-T 
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To the Pun American Union, Washington, D. a: 

January 15,IbST-- Air lean EEcpkauf Scenting Danger, by ELI Harvey. 

(Bronze.) (Returned January 23* 1967,) 

To the Federal CotnmunJcoiloua Conimjflsicn, Washington, D. C + : 

April 26. ---- Eeacii of Boss Rocks. Gloucester, Massachusetts, 

by Frank K. If. Echo. 

Tbe White Parasol, by Robert ReSd, 

Furbelows, by Albert Sterner, 

To the United States District Court for the District of Colombia. Washington. 

Dj Qi I 


May 1G, 1SID7— -- Henry B. Fuller, by George Fuller, 

The Villa Malta, by Sanford E. Gifford. 

The Gathering Storm, by Louis Gabriel E 
Isabey + 

Captain John Ericsson, by Arvid Nyholm, 
May 31 h 1&37_ - —— Gathering Mists, by Charles Warren Eaton, 


An Abbess, by Goruert Camphuysen. 

Eucalyptus Tree, by A. Ames, 

Pepper Tree, by A Ames. 

A Bodhlaattva, Care 4, Bagh, by Sarkis Kntcha- 
donrlan. < Watcmlor.) 

Bear Standing on a High Rock, by Edward Kemeys, 
t Bronzed piaster.) 

To Conrad V. Morton, Department of Botany, U. g, National Museum for disnlay 
at the Arts Club: 

June m 1W7-Bnlnown Man, by Henry Dexter, (Plaster.) 

(Returned June 26, 185J.) 

To the Civil Service Commission, Washington, D. C,: 

June 21, 1657.—-A Tool In the Forest, by Benjamin Rutherford Fite. 

Housatunic Valley, by Alexander H. Wyant 


LOANS RETURNED 

Table, French, 18th century (P. 220), lent August 21,1053, to the 
American Institute of Architects, was returned December G, 1956. 

0.1, Cnpt. John Ericsson, by Arvid Nyholm, lent March 3,1950, to 
the House Judiciary Committee, was returned December 28, 1056. 

Two oils, Cliffs of the Upper Colorado Hirer, Wyoming Territory, 
by Thomas Moran, and Mary Abigail Willing Coale, by Thomas 
Sully, lent December 6, 1955, to the Smithsonian Traveling Eihibi- 
tion Service to be included in an exhibition ‘‘Pennsylvania Painters ” 
were returned January 30,1957, 

Oil, The Continentals, by Frank B. Mayer, lent October 28 1953 
to the Department of State, was returned May 3, 1#&7. 


SMITHSONIAN LENDING COLLECTION 

Sis oils, Building the United Nations, by Harold Weston (189^ ) 
gift of the Committee of the Weston United Nations Paintings, Mrs! 
\\ llliam S. Ladd, Chairman, were accepted December 6, 1955 , with a 
fund of §2,500, The paintings were lent to the Corcoran Gallery of 
Art on April 9, 1950, and were returned October 8* 19S0 + 
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Oil, Episode of the Siege of Lille, 1702, by Gsiston Melingue (1840- 
1914), gift of Thomas G. Young, Jr., was added December 4, 1956. 

Oil, Shapes of Fear, by Maynard Dison (1875-1946), No, 93 in the 
Henry Ward Ranger Bequest, was added December 4, 1956, with the 
consent of the National Academy of Desi gn. 

Miniature, watercolor on ivory, copy of the Head of the \ irgin 
from Raphael’s “The Virgin with the Goldfinch,” gift of Henry L 
Milmore* was added December 4, 1956* 

Tapestry, 17th century, Flemish verdure, gift of John B. Turner, 
was added December 4, 1956. 

Two paintings, by Edwin Scott, Forte St. Martin ct Enterrement, 
and Ship at Anchor, Cherbourg, No- 9, lent February 18, 1953, to the 
United States District Court for the District of Columbia, were 
returned May 31,1957. 

The following paintings, oil on canvas unless otherwise noted, were 
lent for varying periods: 

To The White House, Wasblnitfon, D.C.: 

July 2T t 1D56___Grand Cany op. by Carl Oscar Borg- (Returned 

August 15.10=36.) 

Guard, by J. EcbennL (Watercolor.) 

Moonlight m tbe Sea. by Frank W. Stoker 
LdHiy of Lipht. by undetermined artist. 

To tbe Bureau of tbe Budget. Wnsblnjrton. D. C, s 

Auaust 7 1060_-_ Street In tbe Pueblo of EuEU. New Mexico. by 

De Lnncoy Gill, f Watercolor.) 

October 24, 1050_—- Grand Canyrm, by Carl Oscar Borg. 

To tlie Department of Justice. Washington. D, C-: 

February 14 P 13!V7_._Musketeer, by G. CamfrL (Watercolor.) 

To the Federal Comnmnlcnttom Commit ton, Washington, C-: 

April 26 h 1B5T.„„__ Pueblo Bonita Ruin, by Be Ltincey GUL (Water- 

color.) 

Italian Woman at tbe Foot of tbe Stairs, by Ed- 
win Scott 

Smoke from tbe City, by Robert Bunm Wilson, 
(Watercolor.) 

To tbe United States District Court for tbe District of Columbia, Washington. 
D.C.: 

May 1G. 1G57„„-— Tiger Lily, by Florence Koebler. (Goaacbe.) 

May 31 11K57 __Pj tizza Sun Marco, by Henry Raton, (M a lercolor.) 

George Bernard Shaw + by Alice Pike Barney. 
(PafiteD 

AUce (Alice Pike Barney), by L. A. Malempre- 
piarblebust.) 

ALICE PIKE BARNEY MEMORIAL FUND 

Additions to the principal during the year amounting to $662.30 
hare increased the total invested sums m this fund to b3r,090.52. 

A gift of $1,500 was received from Mrs, Laura Dreyfus-Bnrrey in 
partial defrayment of the cost of printing a booklet, * ice 
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Barney: Paintings in Oil and Pastel, 1 ’ consisting of reproductions 
from tho Lending Collection, given in memory of Alice Pike Barney. 


THE HENRY WARD RANGER FUND 


No. 36, Midsummer, by 'William S. Robinson, N. A. (1861-1945), 
purchased by the Council of tlie Rational Academy of Design April 7, 
1924, was reassigned by the Academy to George Washington Univer¬ 
sity, Washington, D. C., on March 1,195G. 

According to a provision in the Banger bequest that paintings pur¬ 
chased by the Council of the Rational Academy of Design from the 
fund provided by the Henry Ward Banger Bequest, and assigned to 
American art institutions, may be claimed during the 5-year period 
beginning 10 years after the death of the artist represented, the follow¬ 
ing four paintings were recalled for action of the Smithsonian Art 
Commission at its meeting December 4,1956: 

No. B£>, Days of Sunshine, by William Wendt. A. N. A. (1865-1043), assigned 
to the Maiden Public Library, Malden, Mass,, in 1320, was accepted to become a 
pernia np nt accessl oil 

No. 72, The Golden Hour, by George Elmer Browne, N, A. flSTl-UMG), WM 
returned to the Michigan Stale College of Agriculture anil Applied Science, 
East Lansing, Mich , where It was originally assigned In lfrJO. 

No. D8, Shapes of Pear, by Maynard Diion (1875-1043), assigned to the 
Brooklyn Institute of Arts am! Sciences, The Brooklyn Museum, Brooklyn, N. T. f 
In 1082, was reassigned, with permission of the National Academy of Design, to 
the Sna ttli son inn Lending Collection. 

No. 110, Furbelows, by Albert Sterner, N. A. (lSd3-l!Me). nssigoed to St 
Gregory College, Shawnee, Qkl&., in 11H2, was accepted to become a permanent 
accession. 


The following paintings, purchased by the Council of the National 
Academy of Design since the last report, have been assigned as follows: 


rut* arid 4rti*t 

ISO. Mansion In DuEt-heas Comity, 
by Hobson Pittman, N. A, 
(1900- >. 


1S1. Attic WIntlowfl, by Charles Tajlor 
(1911- >. 

182. Demolition, by Harry Leith Boss, 

N. A. (1886- >a 

183. Picnic Along the Brook, by John E. 

Costl^n, N\ A. (1SSS- ). 
l&L Ruined CuEhodml (watertolorK by 
Ralph Hulett U915- }. 

185. At Homo (watorcolor) p by Walter 

BlmN. A. (1680- ). 

186 , Quince Street (watercclor), by 

W, lnwrtoa Heltland, N. A. 
(1803- ), 

18T. Toward Erwins by Juntos Allen, 
N. A, (1898- ). 


Mnseum of Cnmbfwt Academy of Art, 

Bloomfield UiJJs, MJch, 

Montclair Art Mnscnm, Montclair, N. I, 

Pennsylvania Academy of Fine Arts* 
Philadelphia, Fa. 

Agties Scott College, Dceatar, Qa T 

The Andrew Dickson White Museum of 
Art, ComeH University, Ithaca* N, 1. 
Oklahoma Art Center, Oklahoma City, 
Oklo. 

(Not yet oHsEffoed.) 


Colombia Museum of Art, Columbia, 
a. Cl 
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SMITHSONIAN TRAVELING EXHIBITION SERVICE 

Eightj-six exhibitions were circulated and shown in 198 museums 
and galleries during the past season, SI Ln the United States and 5 
abroad, as follows: 

UNITED ST/LTES 

Painting* and Drawing* 


t rrr# 

American Indian Tainting-— 

A Century and a Half of Painting 
in Argentina. 

Argentine Children as HluBtratora^ 

As I Sec My self_ _— 

Art in Opera—___—- 

Calif ornia Painting— ---- - - 

Canadian Abstract Paintings---- 

Children's Paintings from Forty- 1 
Are Countries IV, 

Children's Fs In tings from Forty- 
five Countries V, 

Children's Paintings from Forty- 
Ove Countries VI. 

Childrens Paintings from Japan..- 

Dntch Art m$-Ki (and sculpture). 


Ethiopian Paintings— — — » — 

A Frenchman In America, Charles 
Alexandre Lesueur. 

Six Japanese Painters^-—-- 

Kokoschha T 0 Msglc Flute——— - — 

PennsyIvn ni a Painters—— — - —- - - 

Plant Portraits — - —-—* 

Work by Bulj FoBUttl (Bad 
prints). 

Sargent Watercoior*-—-——- 

Seal Islands_——-—- — —-— 

Watercoior Todays-—- 

Contemporary Swedish Fi lnHng a- 


IflirM 

Philbrook Art Center, Tulso, Ok la. 
Govern in ea t of Argentina; Argentine 
Embassy; private eolleetors. 

EdltorKaL Gaillermo Kraft Ltd.. Buenos 
Aires; Argentine Embassy- 
Art* & Adiitriitet Magazine; Calorie St 
Etienne. 

Metropolitan Opera Gnlld- 
L^ng Bench Museum of Art Long Beach 
Calif. 

National Gallery of Canada, Embassy of 
Canada 


Embassy of Denmark; Friendship Among 
Children and Youth Orgnnizntlom 


United Nations Educational, Scientific, 
and Cultural Organisation, 

Dr. W. Sandberg, Stcdelijk Musemn; 
Mr* E, L. de Wilde. Van Abbe Museum; 
Mn A. M- Eammfleher. KrtfUer^M filler 
State Museum; Embassy of the Neth¬ 
erlands. 

George Washington University; Mr. 

Bnioe Howe ; Embassy of Ethiopia. 
Museam of Le Havre; American Em¬ 
bassy lu Faria. 

National Museum of Modern Art* Tokyo; 
artists. 

Minneapolis Institute of Arts; artist; 

Embassy of Austria. 

Pennsylvania State University, State 
College; nmf^amH; private collectors. 
University of Colorado Museum, Boulder. 
Print Club of Cleveland; Cleveland Me- 
5 & am of Art; dealers; private col- 

lectors. 

Museum of Fine Arts. Boston. 

Cleveland Museum of Natural History. 
Toledo Museum of Art+ dealers; artlste- 
National Museum. Stockholm; Swedish 
Embassy* 
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Paintings and Draftings —Continued 


Ttfte Source 

Swedish Children's Paintings-—National Milium, Stockholm; Swedish 

Embassy. 

Paintings by Tfiflfiil-—„ - Kokusai Eunka ShJnkokal; National 

Museum off Modern Art 1 Tokyo; Ki- 
yoaht Kojin Temple in Takarazuka; 
Her, Bishop Eojo Sakamoto. 


Graphic Arts 


American Frintmakers__ 

Georgs Bellows Prints and Drawings. 


Recent British Lithographs™. 
Contemporary Genu an Prints. 
Japanese Fish Prints___ 


Japanese Woodcuts I,_ _ ___ 

Japanese Woodcuts II.-_ _ __ 


University of Illinois* Urbans; artists- 
National Gallery off Art; Boston Pub- 
He Library; Library off Congress * Fogg 
Art Museum o( Harvard University. 
British Arte Connell; British Embassy. 
National Gallery of Art 
Dr. Toshio 111 yumn; Koknsai Eunka 
Bhinkoknf; Japanese Embassy; AmerU 
ran Museum off Natural History. 
United Nations Educational, SdentlflCp 
and Cultural Organization ; Japanese 
National Commission. 


ArcJiiJccfure 


A Half-Century of Architectural Ed¬ 
ucation. 

Architectural Photography 1__ 

Architectural Photography 

Contemporary Danish Architecture, 
Contemporary Finnish Arehltecture-^- 


German Architecture Today™,__ 

Landscape Architecture Today,™,™ 

New Libra rles__,_____ 

Son Francisco Bay Region Archl- 
lecture. 

Venetian Till as I-- 

Venetian Villus n......___ 


School of Architecture* Georgia Institute 
off Technology. 

American Institute off Architects; Archi¬ 
tectural Photographers Association; 
George Eastman House. 

Prof. Kay Flaker, Royal Academy off CV 
ponhngen: Embassy of Denmark. 

Finnish American Society; Association 
of Finnish Architects; Embassy of 
Finland, 

Bund Dentscher Arcbltekten; German 
Embassy* 

California Redwood Association, 

American Institute of ArchltectsL 

California Redwood Association; North¬ 
ern California Chapter* American In¬ 
stitute of Architects 

Soprintendenza al Monumentl MedlevaR 
e Modern!, Venice; Embassy of Italy, 


Design 

American Craftsmen,, 1SI57—,- Mr. Robert von Neumann ; University of 

Illinois Urbann; artiste. 

American Craftsmen II-- University of Illinois Urbans; artists* 

Contemporary American Ginas,,,,, Corning Museum of Glass. 

American Jewelry and Related Ofcn Huntington Galleries* Huntington, W. 
Jects L Yo *[ artists; Hlekok Go. 
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iKtipn —Continued 


Title 

American Jewelry and Related Ob¬ 
ject* II. 

Recent Wort by Harry Bertol£u_.— 
Contemporary European Tapestry— 


Dutch Arts and Crofts-— 

European Gluss Design-—— 

Fifty Years of Danish Silver- 

Finnish Crflfte—.-——-- 


Italian Arts and Crafts-———- 

Midwest -Craftsmen-— 

New England Grafts———— 


Good Design In Switzerland—— 


gfrirW 

Rochester Memorial Art Gallery, Roch¬ 
ester, N. Y*: artists; Htckok Co. 

Knoll Associates: artist. 

Contemporary Arts Association, 

ton. Ter,: artists? private collectors; 
musenma. 

Ministry of Education, Arts and Sciences 
in The Hague; Netherlands Embassy. 

Georg Jesaeiit lot! designers, 

Georg Jensen, Inc,; Danish Embassy,. 

WaertslIa'Arebia and other Finnish 
Manufacturers; Finnish^American So¬ 
ciety. Helsinki; Finnish Embassy: 
artiste* TapSo Wlrtkala and Rnt Bryk. 

Coiupagnla Na^ionaln Ar tlglana , Rome; 
Italian Embassy, 

Art Institute of Chicago; artists. 

Worcester Art Museum; Junior Leagrm 
of Worcester, Ine.; The Craft Center. 
Worcester, Mass. 

Sohweiaer Werkbufid: Embassy of 
Switzerland. 


German Art Books-———- 
International Children's Books— 
Sixty Swedish Books..,— 

A World of Children’s Rooks^ 


Books 

Association of German Booksellers; Ger¬ 
man Embassy. 

Washington Post Times-Herald Book 
Fair; embassies. 

Dr, Uno WtUers, Royal Library of Stock¬ 
holm : Embassy of Sweden. 

Washington Post Tlroes-Heratd Book 
Pate * einliassSos- 


OrieniaUbrt 

GbteMt Ivories from the Collects Sir Vlclor Sm-ooh, London, 
of Sir Victor Sassoon. 


Fo& Art 


Americana----- 

Early American WoodenrTlng-- 


Eskimo Art III_ 

Popular Art in the United States. - — 
Rauch and Judy—— —— 
Scrimshaw Exhibition. —--—-—-- 


Inilei Of American Design, National Gil- 
Lerj of Art 

Index of American Design* National Gal¬ 
lery of Art 

Eskimo Art, Ioc.; Canadian Handicraft* 

Guild. „ ^ . 

Indus of American DeBign, National 

Gallery of Art 

lade* of American Design, Natlona 
Gallery of Art, 

Colonel Leslie Boswell* 
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Folk Art —Continued 


Tltfe 

Swiss pMSADt ArU. 


Ansel Adams Photographs 103S- 
1S0& 

BlfjH in Color* by Eliot Porter, _ 

Japan I. by Weriter Bisehof_ _______ 

Japan II P by Werner Blschof—___ 

Percepti0ii&_^__„____„___ 


This Ja the American Earth. 


The World of Edward Weston,_ 

Young Gc-rmaus Behbid the Camera. 


fiWOfl 

TL IJanbart, Director Museum, St. Gall ; 
Pro Helvetia Foundation; Embassy of 
Switzerland, 

Artist; George Eastman House, Roches¬ 
ter. 

Artist j American Museum of Natural 
History, 

Magnum PhotOBp Inc, 

Magiiuot Photon Jne. 

Mrs. Body Warren Weston and Donald 
Ross; San Francisco Museum of Art; 
photographers 

Aij^-l Adam*; Nancy Newhall; National 
Park Service; California Academy of 
Sciences; Storm Club* 

Beaumont and Nancy Newh&ll; artist: 

George Eastman Houm 
Dr, L. Fritz Gruber, Photokiiui, Cologne; 
German Embassy. 


Anthropology 

C.irl Bodmer Paints the Indian Karl Vlkfor, Prlna sn wied German 
frontier. Kmtmss*. 

A. J. MUler Watercolars--— Walters Art Gallery Baltimore Md 

Swedish Rock Carvings-_ Dr. Per Nystriim, Governor ol the 

Province of Goteborg and Bohns, Em- 
bassy of Sweden. 


israBrnoss ciEcmjkrED abroad 

John Marin. 

Thia la the American Earth (4 copies). 


INFORMATION SERVICE AND STAFF ACTIVI TY 

r n addition to the many requests for information received by mail 
and telephone, inquiries made in person at the office numbered 2,293. 

Examination was made of 836 works of art submitted for identify 
cation. 

An illustrated and descriptive catalog:, by Paul Vickers Gardner, 
entitled ‘'Meissen and Other German Porcelain in the Alfred Duane 
Pell Collection,” was published in July 1956 

An illustrated booklet, “Alice Pike Barney: Paintings in Oil and 
Pastel, - with foreword by Thomas M. Beggs, was published in May 
1957. J 

Special catalogs were published for the following 11 exhibitions: A 
Half*Century of Architectural Education; Contemporary Danish 
Architecture; Dutch Art 1945-1955; George Bellows Prints and 
Drawings; German Architecture Today; Sixty Swedish Books; 
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Swedish Bock Carvings; Canadian Abstract Pam tings; German Art 
Books; Good Design in Switzerland, and Paintings by Tessa! The 
last four contained acknowledgments written by Mrs. Annemarie H. 
Pope, chief, Smithsonian Traveling Exhibition Service Special 
acknowledgment for the Bellows catalog was written by Miss Jo Ann 
Sukel, research assistant, 

Mr. Beggs gave a talk on 18th-Century Paintings before the Alexan¬ 
dria Woman's Club, and served on the juries of three local shows and 
one in Virginia* He was elected to the Board of Trustees of the 
Barney Xeighborhood House. 

Mr + Gardner gave illustrated lectures and conducted discussion 
groups on 18th-Century European and China-Trade Porcelains; 
European Porcelain for Colonial Tables; and Porcelain, Mirror of 
Fashion, at the Sulgrnve and Sen tor Congressional Clubs in Washing¬ 
ton, D, a, and at the Richmond Antiquarian Society and the Alexan¬ 
dria Association in Virginia. His review of ^Ceramics for the Arche¬ 
ologist,^ by Anna Q, Shephard, appeared in the May 1$57 issue of 
the Scientific Monthly- 

Between August 17, 1050, and March 20, 1057, Mrs. Pope repre¬ 
sented the Traveling Exhibition Service on a visit to museums and 
galleries in Seattle, Wash.; Honolulu, T. EL; Tokyo, Kyoto, Xam, 
Japan; Taipei, Taichung, Taiwan; Hong Kong; Saigon, Vict-Kam; 
Phnom Penh, Siejn-Reap (^Angkor), Cambodia; Singapore; Djakarta, 
Djokjakarta, Surabaya, Indonesia; Bangkok, Chiengmai, Thailand; 
Rangoon,Burma; Calcutta, India j Frankfurt, Germany; Amsterdam, 
Holland; and London, England 

Mr- Lyon represented the National Collection of I 1 ine Arts at a 
seminar on “Resinous Surface Coatings, 1 * held at Oberlin College, 
Oberlin, Ohio, under the auspices of the Intermuseum Conservation 
Association. He discussed the organization of art dubs, the planning 
of stimulating art meetings, and group art trips, for the Pet worth 
Women’s Club and the Port Tobacco Art Guild of Southern Mary¬ 
land. Ho also judged two local exhibitions and one held at the Fairfax 
County Court House. On June 28, he left on a 2-month trip through 
western Europe, expecting to visit British, French, Italian, and Span- 
ish Museums. 

Fifty-five paintings in oil on canvas from the permanent collection 
were cleaned and re varnished, and 86 picture frames were repaired and 
refmishecL Three plaster casts, one sculpture in wood, and one 
Italian chair were repaired. 

The canvases of 9 paintings from the Smithsonian Lending Collec¬ 
tion were cleaned, restored, and re varnished, and 12 fiames were 
repaired and refinished. 
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Sis paintings by George Cailin ’were cleaned, repaired, and navat> 
niched, and two picture frames were reftnished for the United States 
National Museum. 

Under special contract, Glenn J 4 Martin began the cleaning and 
restoring of 12 paintings in the permanent collection* 

SPECIAL EXHIBITIONS 

Fifteen special exhibitions were held during the } ? ear: 

August U through September frl t im.— The Second Biennial Exhibition of 
Creative Crafts, &pumsored by the Geramle Guild of Bethe^dn ■ Cloy Plgeone of 
Kensington; Cherry Tree Designs; Designer-Weaver^ and The Kiln Club of 
Washington, eoDsEstin^ of 113 pieces. Craft demonstrations were given twice 
doily. A catatog was privately printed. 

October 7 through 25, 1956 .—The Sixty-fourth Annual Exhibition of The Society 
of WoshEn^ton Artists, consisting of 32 painting and IS pieces of sculpture, A 
catalog woe privately printed, 

November 3 through 55, 195 $.—The Nineteenth Metropolitan State Art Content, 
held under the au-sDlcea of the D, Q. Chapter* American Artists Professional 
League, assisted by the Entre Nous Club, consisting of 203 painting sculpture, 
prints, ceramics, and mctnlerafus, A catalog was privately printed* 

December 2 through JS55.—Paintlop of Life In Greece, Spain, and the 

United States, by Demetrius J. Kukotsls. sponsored by His Excellency, The Am¬ 
bassador of Greece, George Y # Mel as, consisting of 71 oil pa En tinge and 65 sketches. 
A catalog was mimeographed, 

December 9 through 2.J, Contemporary Persian Miniature Paintings of 

Selected Quatrains of the Rubaiyat of Ouiftr Khayyam, by HosseLn RubzaJ, spon- 
sored by His Excellency + the Ambassador of Iran and Mudame A mini, consisting 
of 50 paintings 

Janwrv G through 27, J5J7.—Twenty-first Exhibition of the Society of Wash¬ 
ington Friu Hunkers; consisting of 203 works tn the graphic media, A catalog 
woa privately printed. 

February 5 through £S Y 1557.—In cooperation with the Department of History, 
an exhibition, "Portrait in Plaster/’ 1 consisting of 38 life and death masks and U 
busts of famous European and American statesmen, artists, musicians, and poets, 
mostly of the ISih and 10th centuries, from a collection assembled iu 1029 by 
Henry €, McComas am] presented to the United States National Museum. A 
mimeographed list was supplied, 

March JO through 25, 1957. —The Thirteenth Annual Exhibition of the Art lets 
Guild of Washington, consisting of 50 paintings and 3 pieces of sculpture, A 
catalog was privately printed. 

March 10 through 20, 1B57.— The Tenth Annual Exhibition of the Washington 
Sculptors Group, consisting of BS pieces of sculpture. A catalog was privately 
printed, 

April 7 through 25, 1557.—3Exhibition of Contemporary Paintings of Life In 
Pakistan, by Zainul Abedln under ihe sponsorship of His Excellency, the Ambas¬ 
sador o£ Pakistan and Begum All, consisting of 52 paintings. A catalog was pri¬ 
vately printed. 

April J| through £B„ 1057.—Exhibition of 115 color renderings, ^'BOO Tears of 
Turkish TJtes^ by Captain Iiset £etln; 14 photographs showing Interiors and 
exteriors of buildings in Turkey which contained the tile of which the render tags 
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wer# made; three hooks of descriptive materials on Persian and Turkish illes, and 
15 tiles and 1 plate by a modern ceramist, Pareya, was held tinder the sponsor* 
shipshlp of tho Tnrkish Embassy, A leaAct was privately pub!tsbed. 

Mag S through Ju>n t, 1957.—The Sixtieth Annual Exhibition of the Wash* 
Ington Water Color Club, consisting of 157 watcrwbH, pastels, prints, and draw* 
lugs. A catalog was privately printed. 

Mag S through ft 1957.—The Twenty-fourth Annual Exhibition of the 
Miniature Painters, Sculptors, and Gravers Society of Washington, D. C„ Con¬ 
sisting of 183 examples. A catalog was privately printed. 

Jane 8 through Julg 7,1957.—Exhibition of CO photographs of the Appalachian 
Trail and its activities, by members of the Potomac Appalachian Trail Club, 

June SO through July 7. 1957 .—Exhibition of 33 Contemporary Paintings of 
Indonesia, by Doraehraan. sponsored by His Excellency* Hoekarto Notowidigdo, 
Ambassador‘of the Republic of Indonesia. A catalog was privately printed. 

Respectfully submitted. 

Thomas M. Bbggs, Director. 

Dr. Leonard Carmichael,. 

Secretary. Smithsonian Institution. 


Report on the Freer Gallery of Art 

Sut: I have tlie honor to submit the thirty-seventh annual report 
on the Freer Gallery of Art, for the year ended June 30, 1057. 

THE COLLECTIONS 

Thirty-nine objects were added to the collections by purchase as 
follows: 

BRONZE 

56.15, Chinese, Han dynasty (267 B. C.-A, D. 220 )„ Square eersmonlat teasel 

of the type hu; decorated with human figures hi hunt!ftp and legend¬ 
ary scenes east in relief. 0.360 x 0.225. 

56.10. Chinese, bluing dynasty {ca, 12th century B, C.J. Ceremonial tripod of 
the type chuch decorated with casting In relief; Inscription of one 
character. 0.107 x 0.167. 

56,26, Chinese, Sbang dynasty. Ceremonial teasel of the type p*an decorated 
with casting tn relief; Inscription of one character, 0.121 x 0 , 325 . 
(Illustrated.) 

5659. Chinese (Grdos), non dynasty. Openwork plaque showing two fighting 
animals cast In relief and with Ndaed decoration. 0.115 x 0.069, 
50.31, Chinese, Bhang dynasty. Battleox with decorations cast in low relief. 

0.162 i 0,000. 

57 32* Chinese, Sting dynasty <A, IX 960-1270) + EigbMobed mirror with silvery 
surface; decorated with phoenixes and cosmic symbols cast in relief; 
Inscription of 40 characters. Diameter; CX224, 

COLO 

57,3+ Persian, 13tb-12th century, Ring decorated with turquoises, pearly and 
designs In niello, 0.037 x 0.020. 

JADE 

56.16. Chinese, Early Chou dynasty fea, 11th century B, C.). Largo cere¬ 

monial |perforated dish of the type pi ; mottled green and brown neph¬ 
rite Diameter; 0.45S. 


UCQifER 

57.6, Japanese. Kamakura period {A, I>. 1102-4333). Seated Image of Dal 
Nlchl Moral carved In wood and covered with gold lacquer* with 
gilt bronze crown, crystal eyes and u ma r lotus throne. Overall: 0,735 
x 0-505. 

MANUSCRIPT 

58.11. Arm cola n. 13th century. Gospel of 204 parchment leaves by the priest, 
Thoros, Monastery of Grner, Cilicia* A, D. 1268; black and gold text 
and 13 full-page panting®; modem blading. Average page; 0-204 x 
0.150. 


03 
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57.13. Iraq (Baghdad ?), second half 11th century. Leaf of a eoi>y of QaxwSnl a 

■Aja'ib al MnkhlOq&t ("Wonders of Creation"); miniature showing 
Wild cattle. 0.327 x 01220. 

66.14. Persian, 16th century. HfitlfTs Baft Mansur written by Mir AU on 

104 paper leares of various colors; red leather binding with gold deco- 
ration- : 0-232 i 0.168- 

PAurrmq 

5052. Chinese, Than djnosty (1350-1308). Bamboo In the snow, in Uk on 
paper; by Tan Chih-Jul; one Inscription and one seal on painting. 

56.27. Chinese. Chlng dynasty flfl**-1912>. Landscape In W “ 

on paper; by Wang Chlea; dated In correspondence with A, D. ioe», 

1 Inscription and 15 seals on painting- 1.355 * 0.625. 

56.26. Chinese, Ming dynasty (13CS-1644). Landscape in Ink and colei[ “JJJJ' 
by Sben Chou; dated in correspondence with A, D. 1401. one InseripU 
and five seals on pa luting. 1125 X 0-5G& „ 

57.4. Chinese, Cb'lng dynasty (16*4-1012 >. Landscape, “peach-btossom Spring, 
after a story by Tao Ch‘len; In Ink and colors on paper; ^ jao^hi. 
poem by tbe artist and one Inscription oil painting. 0,2o0 x 1&1& 

67.14. Chinese, Tllan dynasty (1200-1303). Scroll in ink and colors on I ? *J“ 

Bhowing Yang KueLfel mounting s horse; by Ch'leu-bsiian (13th cen 
tury): inscription and 14 seals on [minting, 0.205 x 1.1*0. 

6612. Indian Mughal, first half of the 17th century. Leaf from the JaMn*ir 
Album ’; recto: landsape with elephant, mahout ; 

a quatrain In awfa'llg on Illuminated ground. Overall: 0.4-5 x 0265. 

56.3- Jupanc^TshLea period (1333-1568). Set of three landscapes in Ink 
66.10. on paper; each bears a seal purporting to he that of Kano <> ont> 
(1476-1550). Each 0,992 x 0.494, 

66.17- Japanese. Momojamn period (1568-1615). Pair 

Sis, in ink and color on paper; landsape with birds and flowers; attributed 
tu Kano &anrnfcn* 1-^5 * 2.733. . * |_ 

66.20- Japanese, Edo period (1615-18GS), Pair of six-fold “”** <****£ 
t*2l color on paper with gold ground; two groups of walking cranes, by 

Japanese ^ ^Edn"period. uik^oeihooL Woman and child walking in the 
rSln: ink and wlor on silk; by Kuho Shunmao (1757-1820); signature. 

poem, and seal oil painting, 0,^2 s 0JSO* . ^ 

JaCUe, Edo period, Uklyoe schc^t. Two ™^esana under a tree^nk 
ind color on silk; by EUhl (1756-1829): signature and one seal. 0.983 x 

Jarinncse Edo period, Uklyoe school. Two courtesans and a willow tree ; 

silk; by Eishi (1756-1829); signature and one s«,L 

0.984 x O^; 8 - _ gohooL Three courtesans under a cherry 

El and color oVsilk: by Eishl (1756-1829): tlm-tan and one seal. 

57 “' ■* SM "’ <*• 1K5,i ” "*"■ 
Arerngc page: 0^30 * 8.514-40. 


07.53U 


G7e5. 


G7-8. 


5T.7. 


&7.D. 
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POTTERY 

58.23. L'E]in£*e h S ung dynasty 1960-1279), Shallow dish of Tr'v-ch&it type; buff 
stoneware covered with white slip; decorated with green and red 
enamels over the glaze. 0.032 x 0.130. 

50-24. Chinese, Btmg dynasty (■£Kt0—12T£>j. Tea bowl of OMen type; coarse buff 
stoneware with thick blackish-brown glnze. 0.055 x 0.110. 

38-25- Chinese, Ulng dynasty, Haflan te period (1436^1435)* Bott leaped vase 
of gray stoneware coveted with thick, even, eca-green celadon glaze; 
six-character mark of the period Incised under glaze on base, 
QJ2S7iG,m 

58^0. Chinese, Six Dynasties <2*J5r-5S9). Ewer of coarse gray stoneware covered 
with thick, oily, blackish-brown glaze; Yfizh ware of Te-chHnQ type, 

o-aaszoiie* 

58-32. Chinese, Ming dynasty (1363-1044). Plain white porcelain vase In form 
of a faceted cube with cylindrical neck, two loop handles, high flaring 
base; four characters &su*nicn~&Jiih*yartg In underglaEe bine nnder base; 
earl y 15th cent nry, 0-240i0.131. 

58,13. Japanese, 1 7th century p Knklemon ware. Large white porcelain Jftr 
decorated in colored enamels over the glaze. 0.404 x 0310, (Illus¬ 

trated,} 

57d + Japanese, ISth centnry i Imarl ware. Large white porcelain dLsh dec¬ 
orated in umlerglfue blue end enamel eaters and gold. 0.555 s 0,077. 
57-10, Japanese, ISth century, Eutanl ware. White porcelain octagonal dish on 
high round foot; decorated in nnderglnze blue ntatl enamel colors; 
character ffrfcn In underglnEO bine under base, 0.0S7 x 0_22fiL 

REPAIRS TO THE COLLECTIONS 

Thirty-two Chinese and Japanese objects were restored, repaired, 
or remounted by T. Sugiura, In addition to this work on die collec¬ 
tions, ilr. Stigiura completed fao for 26 Chinese books. Assisted by 
his son Atsushi, he also mounted n large wall map, which was hung 
In the office. One Chinese painting was repaired for Dumbarton Oaks 
Library and Collection^ and one page of calligraphy was mounted for 
the United States Department of State. 

CHANGES IN EXHIBITIONS 

Changes in exhibitions amounted to 1,603, This unusually large 
number is accounted for by the air-conditioning of the building, re- 
decoration of exhibition galleries, and rd retaliation of exhibitions. 
The changes were as follows: 


American art: 

Oil pfl.intlnga__ T .. 132 

Fagtqlff and drawings __ 34 

Waterrolors,,-^ . 22 

Chinese art; 

Bronze- _ _ 17Q 

ttakL-- -- --- --.... __ 11 

J&de_^« . 177 

Mauu.wnpts_*.___ __ _ __ 2 
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Chined *rt—Cbntlmfld 

Marble,.-,. . .. . . - 

Metalwork..-- —-- — - - — 

Paintings. .- - ------- 

Pottery—™- . — —. — .... 

Stone aeulpture-- -- 

Christian art: 

Crystal_ . — --------■—---- 

Ci]M3-^.--— —-- --- 

Gold_ -.. .——-—— 

MaDuecrlpta . . -------------- 

Paintings-- ----—----”~" 

Stone sculpture-.--—-- - -- 

Indian art: 

Bronze.^----. — -«---—-----—-- 

Maoujjcriptfl-...-----—--■ 

Painting)!--— -- -- 

Stone sculpture- - ---- 

Japanese art: 

Bronze . . .. — 

Lacquer - - ---- 

Paintings ----* “ 

Pottery------- ---- 

Wood sculpture— - -----— * 

Korean art: 

Bronze. ______ _ — -- -- 

Pottery--..-----— ----- 

Near Eastern art: 

Bookblndiopi- - — -■-“—- ’ 

Crystal---. .. * . . . 

Glass. — -- - --- - 

Manuscripts - - -—------ 

Metalwork..--—----------------------- 

Painting^--.---—-- “ “- --------- 

Pottery -,----- 

Stone sculpture-. ---—— 

Tibetan art: 

Paintings.. ----- " 


3 
26 
135 
202 

20 

2 

4 
18 

IS 

s 

2 

2 

12 

20 

a 

2 

34 

130 

44 

6 

2 

30 

10 

2 

8 

10 

30 

m 

36 

2 

4 


LIBRARY 

The specialized museum library must combine many sertxces. It 
must be a research unit for the staff and graduate students for docu¬ 
menting the gallery’s objects and its possible acquisitions; 
serve the high-school, college, and umvomity students, and all those 

studying the Oriental arts. 

The reference service of the library is the most difficulty » 
statistically. Each request answered requ ties jmnipasura ^ ’ 

genuity, and imagination. The number of scholars from a 1 parts of 
the world who used the library nearly doubled m number dumg the 
year. One visiting scholar, Miss Welle^ was very 
librarian was able to give her the name of the library in sshmgt n 
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that had the rare book she had been searching for in Berlin, the British 
Museum, and the Library of Congress. 

With the decataloging of material not in the Freer library subject 
field it is planned that the future acquisitions adhere to the policy of the 
library—to supplement the objects of art in the collections. Limited 
stack space is another governing control. 

The most important acquisitions to the library in the past year were 
784 books, pamphlets, and periodicals. Of these, 452 were welcome 
gifts from individuals and exchanges from other institutions. Out¬ 
standing among the purchases were Art and art industry in * Siam, 
published in two elephant-sized folios, which describe and illustrate 
the technique of Siamese biack-and-gold lacquer work; Materiauae 
four un corpus inscripti&mtm arabicarum, issued in three parts in 
seven tomes of sixteen fascicles and as a part of the Memoires pub¬ 
lished by the members of the Mission Archeologique Franraise au 
Caire; and the first three volumes of Dr. Siren’s work on Chinese 
painting < leading masters and principles. James Michcner presented 
the library with the large folio of JJHyoe hanga senshu (Selected 
masterpieces of TUdyoe prints). Microfilms were purchased of the 
out-of-print hooks to round out some, of the reference materials. 

Many bibliographies were compiled; some for publication, a few for 
replies to letters, and many others for the objects of art in the 
collections. 

PUBLICATIONS 

There were no publications issued during the year, Ars Orientals 
IT was in press at the close of the year. 

REPRODUCTIONS 

The photographic laboratory made 2,510 items during the year as 
follows: 1,924 prints, 291 negatives, 1,255 color transparencies, and 
40 black-and-white slides. Total negatives on hand, 11,306; lantern 
slides, 10,000; 121 reproductions in the round of Freer Gallery objects 
were sold, 

BUILDING 

The general condition of the building is good. Minor repairs were 
made when necessary throughout the year, and broken and damaged 
skylights were replaced and waterproofed. Faint was removed from 
the flagpole and two new coats applied. 

Installation of air-conditioning equipment in the building, begun on 
August 6,1956, was continued. A cooling tower was installed on the 
north side of the roof to work in conjunction with the air-conditioning 
equipment in the subbasement, and other major changes throughout 
the entire building were made. 



Krs^i- IW 


PlAT ¥. J 



56,26 

Rcgertt addition t 0 the cailectk™ of tht Freer G*Uei* of An. 
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PLATE 4 



56.12 



56,13 

fteccht nJJicL- LLd 10 the cdlectlaDl of the Freer Gnllcrj- of An. 
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Sections of the terrazzo Soars in Galleries 13 and IT were laid or 
reground and polished. A vinyl tile floor was installed in the teduu- 

cal laboratory. . , 

The work of making exhibition cases for the galleries continued 
in the cabinet shop, and miscellaneous odd jobs related to storage, 
exhibition, restoration, crating, and maintenance of office and Gallery 
equipment were carried on as usual. Much time was given to various 
iobs arising as air conditioning of the building progressed, such as 
dustproofing all grills throughout the entire gallery floor, oflices, and 

storage rooms. „ . . . „ 

In the court all plantings appear to be doing well. A few replace¬ 
ments were made in the azalea bed, and one American boxwood and 
one Ligustrum were set out to fill in the southeast corner of the court 
The fountain was drained, cleaned, rcpomted, and waterproofed, and 
drainage around the fountain was corrected To provide adequate 
watering, four 20-foot sprinklers were installed m the four corners of 

the court. 

attendance 

The Gallery was open to the public from 0 to 4 :S0 every day except 
Christmas Day. The total number of visitors to come in the mam 
entrance was 112,443. The highest monthly attendance was in Apnl, 

14,452, and the lowest was in January, 4,124. _ 

Even while undergoing a major building change of air^onditionmg, 
the office handled 1,048 visitors for the following purposes: 


General info rmation^ - 
To Enhmit objects for examine*-—- 

To see staff members-———-“— "" ”77 . ’ 

To take photographs In court or exhibition gallerlM-- 

To itndy In library—- ■ -' 

To gee building and installations—-——— 

To examine or borrow slide*—- 

To sketch In galleries------—' 

To use Hersfeld Archive-- - - ™ 

To see object* In storage i 

American art " 


j-% 14^1=1 ca in* ■ — “- 

Arm^nEnn, Byzantine, Creek MSS, —- - 

Christian art (WnshiuBton MSS )-■—■■ ■ 

Fur l-’astern larquer, wood. IvorT, textiles, etc. 

Far Eastern metalworks———— 

For Eastern paintings-————- . 

Far Eastern pottery—- - -- ~ 

Near Eastern foaotbLnrtln^ etc— - “ 

Near Eastern mitllWOTlU—-" 

Near Eastern painUnga-—’—-— 

Near Eastern pottery—- ™“—~ 


sei 

B70 

ITS 

m 

2152 

25 

12 

21 


19 

8 

18 

11 

12 

S3 

IS 

IS 


21 


laiSM—3S--8 











































104 ANNUAL REPORT SHTTHSONIAN INSTfTUTTDI^ 1B5? 

AUDITORIUM 


The series of illustrated lectures was continued as follows: 

1958 

October 16. Dr, Richard Edwards, Washington University (St LouLg). 

“Unique Aspects Gf Chinee Fa hi ting, 1 ' Attendance, lift. 
November 10. George N* Kates, "The Imperial Lakes of the Forbidden City, 
Peking." Attendance, 208. 


1951 
January 13. 

February 12. 

Mnrch 1ft. 


April m r 


Dr. Carl H, Kmcling* Oriental Institute, University of Chi¬ 
cago. "Recent Explorations in Libya.” Attendance, 63. 

Jnmes F, Cahill, Freer Fellow. "Paintin*—Albrnna In China 
and Jo pan . <+ A ttenda nee, 11 &. 

E. Arthur Lane, Keeper of Department of Ceramic*, Victoria 
and Albert Museum, London. J4 Islamic Pottery, XIV- 
X YI11 Centuries." A ttend ance T 116. 

Bn Alexander Boper, Bryn Mawr College* ll Tbe Southern 
Contribution to Early Buddhist Art in Chinn." Attend¬ 


ance, 71. 


Three outside organizations used the auditorium, as follows: 

im 


Koreniher 2< p 23. Thr^ United States DejHirim^nt of Agriculture held meetings 
for Held staff members of the Federal Extension Service 
Attendance, 73 and 05 + refijj&ctSvely. 

1057 

February 15. Under the auspices of the Turkish Embassy, Prof. Nureddtn 

^erlo, Ankn it-jh State Confervatory, Ankara, Turkey, lec¬ 
tured on "Turkish Art Through the Centuries," {Ulus' 
trntetf.) Attendance, 163. 

February 25. The Agriculture Extension Wires Group held n conference, 

Attendancti 14, 

Four other meetings were held in the building by the Board of 
Governors, Washington Society f Archaeological Institute of America, 
Rutherford J. Gettens* president, as follows: 


July 11, 105(L— -———- -Attendance, B 

October ], 1953————»-Attendance, ft 

l ebrunry £S, 1957-™™*..-......_. Attendance* 6 

May 20, 1957—™---™ Attendant 10 


STAFF ACTIVITIES 

The work of the stall members hus been devoted to the study of now 
accession#, of objects contemplated for purchase, and of objects sub¬ 
mitted for examination, as well as to individual research projects in 
the fields represented by the collections of Chinese, Japanese, Persian, 
Arabic, and Indian materials* Reports * oral or written, and ex¬ 
clusive of those made by the technical laboratory (listed below) were 
made on 3,GG0 objects as follows; For private individuals, 1,003; for 
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dealers, 787; for other museums, 1,270, In all, 1,850 photographs were 
examined, und 563 Oriental language inscriptions were translated for 
outside individuals and institutions. 13y request, 16 groups totaling 
314 persons met in the exhibition galleries for docent service by fatal! 
members. Two groups totaling 25 persons were given docent serv¬ 
ice in the storage rooms by staff members. 

Among the visitors were 57 distinguished foreign scholars or per¬ 
sona holding official positions in their own countries who came here 
under the auspices of the State Department to study museum admin- 
isti-fttfon and practices in this country* 

In the technical laboratory 51 objects from die Freer collections and 
46 from outside sources were examined. The following project w;lb 
hegrni: 

1* Collection of specimen* aod Ijifonuattod on various cfltercscouces on objects 
tin. museum case*. 

The following projects wero continued: 

1. X-ray diffract Ion studies on jade objects In the Freer eoUectSons- 

2. Collection of further specimens and information about tbe ocenrreuce oml iita- 

tributi™ of stuoic (mini It blit pigment) in Che Near and Far Bast. 

3. Collection of further epeclniena anil Information about Maya tine pigment 

from Central America ft sources. 

4. Collection of further specimens and Information on the red pigment vermilion 

on ancient Chinese objects. 

5 Examination of apedmens of wall painting from the ancient c-hrlatiaa church 
of the Chora in Istanbul in cooperation with Dumbarton Oaks Itesearch 
Library and Collection. 

The following projects were completed: 

1. Development of technique of mounting paint crus* section* la eold-settlng 

polyester resin fur microscopic identification. , 

2. Preparation of a se.«t«L bibliography on the conservation a am lent broDW*. 

3. Conservation and treatment of several Freer ohjecta. including broods, pbt 

tery. atone reliefs, and ivuodcn sculptures. . ntei 

4. Collection of about 400 quantitative chemical nnalyse* of ancient hromes n 

ported In the literature. 

During the year, 7 written reports were made and 37 verbal reports 
given on objects examined in the technical laboratory. 

In August, Dr. Pope began a 7-month trrp to the Far Eost a.d 
Southeast Asia to study museums, private collections, and kilnmtes 
connection with ins research in various phases of Ffcr Easterncentm ■ 
After brief visits to the museums in Seattle and Honolulu, ho i 
2 months in Japan, 2 weeks in Formosa 10 dajE. m Hong 
days in Saigon, 3 days in Phnom Penh, 6 days at Angkor, wdaweek 
in Singapore. Then followed 17 days m Java, S weeks m 
month in Thailand, 3 days in Han goon, a week m Calcutta, and 2 weeks 
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in London to see further collections and consult, with colleagues en 
route home. 

By invitation the following lectures (illustrated unless otherwise 
noted) were given outside the Gallery by staff members: 
mi 


July G. 


September 2-L 


October 1& 


November 9, 


November 14, 


JSUT 


Dr. Ettlnghansen, at the owning of an exhibition of Islamic 
art sponsored by tbe Summer Iiunttcute of Middle Eastern 
Studies of Ohio State Univeraity at the Ohio State HLatorU 
cal Museum* on “Islamic Art." Attendance, 175. 

Dr. Pope* at the America a Embassy* Tokyo, Japan, on 
“Chinese Ceramics in the Freer Gallery of Art* Attend- 
nnce. 40. 

Dr. Pope* at Jlrabun Kn^nkn Kenkyusbo (Institute for 
Humanistic Studies), Kyoto. Japan* on "Chinese Porce¬ 
lains from the Artiehlt Shrine.' 1 Attendance. 10D. 

Dr. Ettlnghaueen. in Baltimore, to the Women s s Commit- 
toe. Baltimore Museum of Art, on “Persian Miniature 
Pa in ting. 1,r Attendance, 196. 

Mr. -Cottons, In Rethesdn, Md., at the Abracadabra Club, on 
■'Tbe Van Meegernn Art Forgery Case and Trial." (Illus¬ 
trated with bis Own photographs*) Attendance* 25. 


January T* 

February 12, 


February 13, 


February 11 

February 25. 

March 20, 

April 20. 
June 22. 


Mr. Stem. at the University of Maryland, on "Japanese 
Wood-block Prints" at tbe opening of an exhibition of 
tklyoe wood-block printing. Attendance, 50, 

Mr. Gotten*, nt the Broadmoor Hotel, Washington, D. C. p to 
the American Ceramic Society, Rammers Washington 
Section, on “The Early Use of Cobalt Minerals in the 
Coloring of Smalt. Glass and Pottery Glaa*" Attendance. 
30. 

Mr. Stern, at the opening of the exhibition of the Range 
Collection, American University, Washington, D, C.. on 
“Japanese Art.” Attendance. 60. ThTa was recorded for 
future broadcasts by the Voice of America, television and 
radio. 

Mr. Gotten a, at Ehe Presbyterian Church, Falla Church, Ya. r 
to tbe Women's Oronp, on "Some Personal Experience* 
with the Dead Sea Scrolls." Attendance, 140. 

Dr, Pops, at the Siam Society, Bangkok, on ‘The Smith¬ 
sonian Institution and the Freer Gallery of Art, dd At¬ 
tendance, 50. 

Dr. pope, at the Oriental Ceramic Society, London, on 
‘"Things of Interest Seen on My Trip." Attendance, 123. 

Dr. Pope, at the Cosmos Club, Washington* D. C., on "Art 
In the Orient/* Attendant £ 75 , 

Mr r Gettens, fit the Presbyterian Church, Moocra* N* Y, 
SesciulcentencJal Celebration* on "Some Personal Experi¬ 
ences with the Dead Sea Scrolls." Attendance, 125* 
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Members of the staff traveled outside Washington on official bim 
ness as follows: 


195$ 

July 17-20. 


July 21-22. 
August 

August 7, 
August LL 

August 24. 

August 2k 


September 4 
September S. 


September 6-7, 

September £0* 


October 5. 

October 9. 
October 28^0. 


Air. Get tens* In Cambridge, Mas*-, Fogg Art Museum, cou- 
suited tbe CenscrrEtiou, Oriental, sud Photography De¬ 
partments about old records and photographs on etufllt 
Sampled three Fogg objects In connection with this tech* 
nlcal problem. 

Dr, EttingbELiisen, In Cincinnati* Ohio* the Cincinnati Mu¬ 
seum of Art* to study Near Eastern and Indian collection* 
Dr. Etttnghaosen, in Ann Arbor, at the University of Michi¬ 
gan, discussed Art OrieniaU* IlL Also riftlted the Kelsey 
Museum of Archaeology to see a Coptic exhibition 
Dr, FttinghaUtien p in Detroit*, to see the I^ear Eastern, col¬ 
lection at tbe Detroit Institute of Art* 

Dr. Ettlughauscn, In Corning* N. examined objects at 
the Corning Museum of Glass and discussed research prob¬ 
lems with their staff. 

Dr. EtEtughfluseo, in Cambridge, Fogg Art Museum, law an 
exhibition of Islamic art and studied their photographic 
collection. Examined objects at tbe Center of Middle 
Eastern Studies and In two private collections. 

Dr. Ettinghausen. In Cambridge, examined Russian publica¬ 
tions on Near Eastern archeology in the Semitic Mn- 
seum. Harvard University, In Boston, examined objects 
at the Isabella Stewart Gardner Museum and tbe Museum 
Of Flue Arts. 

Mr. Stern, in New York, examined objects at dealers. 

Miss Elisabeth West, In Toronto, Canada, at the Royal On¬ 
tario Museum e£ Archaeology, risked their Laboratory 
™ here she examined objects and obtained sample* of early 
Chinese blue gln^ for the Freer Gallery technical Inborn- 


Mr^OetffflBl hi Coming* N. Y n examined ohjccta A t the 
Corning Museum of Glass and watched the processing an 
etching of glass. , 

tfr, Get tens. In Atlantic City. N. J-, f* 1 " 1 " pai *' *?* C 
« Qa (be Origin of Smalt and tbe Early Uw of Goto It In 
Blue Gift as and Pottery Glares" at * symposium bold by 
the American Chemical Society on “Ancient Chemistry. 

Attendance, SO- _ , , ,. „ . , iVn 

Mr. Wenlw and Mr. Stern, In Philadelphia, attended the 
opening of tbe exhibition of tbe Canary Collection at the 

Philadelphia Museum of Art 
Dr EttlngbauBon, In Baltimore, examined nbjec n 
Walters Art Gallery and the Baltimore Museum of Art 
Mr Wen ley. la Ann Arbor, attended a meeting of the Freer 
‘ Fund Committee and conferred with stall members about 
Art OrtenluH* 
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19B6 

November 9-10. 
November 23-SG, 

November SO. 

December 3-7. 
Dumber £8-29. 

mv 

January 30-13. 
January 24. 
February 1. 
February 2, 
March S-0. 


March 11. 
March 12, 
March 11-33. 


April £-& 


April 2-6, 


April IT-12. 


Mr. Stern, in New York, examined objects at the Willard 
Caller? and the Oriental Art Gallery. 

Mr- Geteens, In New York, examined objects At dealers anti 
in one private collection. Conferred with the Director of 
the Metropolitan Museum of Art about a Rembrandt 
painting. 

Mr. Gottena and Mias Elisabeth West, in Balt!more T examtned 
paintings In the Walters Art Gallery and obtained paint 
[ites from Flemish and Florentine paintings. 

Dr. Ettlnghausen, in Now York; examined objects belonging 
to dealers, 

Mr. Gettenst, In Philadelphia, attended the annual meeting 
of the Archaeological Institute of America : examined ob¬ 
jects in the Pennsylvania Academy of Fine Arts and the 
University of Pernisylnmla Museum, and also obserwd 
the restoration work In progress in Independence Ball. 

Mr. Stern, In New York, examined objects at dealers and in 
the Metropolitan Museum of Art. 

Dr, Ettinehausen. In New York, examined objects at dealers 
and in one private collection. 

Dr. Ettlnghatiseti, In Baltimore, examined objects at the 
Baltimore Museum of Arc 

Dr. Ettinghanscn, in Baltimore, examined objects at the 
Walters Art Gallery. 

Dr. Ivrtlugbnusen. In Chicago, attended a conference on the 
composition of a manual for the teaching of Islamic 
civilisation sponsored by the Universi ty of Chico go and 
the Rockefeller Foundation. Examined photographs at 
the Oriental Institute. 

Dr. Ettln^bansen, In Minneapolis, examined objects at the 
Minneapolis Institute of Art. 

Dr. Etfinghnnaes* In Chicago, examined objects at the Art 
Institute of Chicago. 

Mr. Gettena, In Chicago, attended a Conference on Archaeo¬ 
logical Identification and the Cooperation of Specialists In 
Related Disciplines al the Oriental Institute, University 
of Chicago, under the auspices of the National Research 
Foundation. lie read a paper entitled “Problems la 
Archaeological identifications: the Identification of Mate¬ 
rials of Cultural Remains,** Attendance, 40, 

Mr. Gettens. In Oberlln, Ohio, attended a Seminar on fc ‘ResIn- 
hui? Surface Coatings" at Gorlin College under the aus¬ 
pices of the In term ugeuen Conservation Association. Be 
read a pnper entitled “Summary of the History of ResEnouS 
Surface CoatlpqB, ,+ Attendance, 50 . 

Mr. Wenlo^ In Boston, attended the sessions of the Ninth 
Annual Meeting of the Association for Asian Studies 
i formerly the Far Eastern Association. Inc. ), the Far East¬ 
ern Ceramic Group, nnd the Far Eastern Ceramic Group 
CbnncIL 

Mr* Wenley, In Ann Arbor, attended a meeting of the Freer 
Fund Committee at the University of Michigan. 
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1957 

April 23-25, Mr. Weulfcy h in Prlnratoa, N. J,. a tten fled scanlona of tbe Allies 

lean Oriental Society, and in the ahtionce of Dr, Schuyler 
CFusiLLLjanu, presided as chnLnoau at the meeting of the Far 
Eastern Section. 

Mr. Wenley and Dr. Ettiiigbausen, in New York, examined 
objects at dealers. Attended the dinner and formal open¬ 
ing of the Kevorkian Gallery of Ancient Near Eastern Art 
at the Brooklyn Museum of Art. 

Mr, Wenley and Dr. Ettlnghausen, in New York, examined 

objects at dealer 

II«. Lnor O- West, In Chicago, attended Uie Unseam Store 
Association meeting at the Art Institute oC Chicago 
Mr Wentey, In St Mo n attended the Association of 

Arc Museum Directors meetings at the City Art Museum. 
Mr. Gotten^ in Winterthur* Del., attended the on 

Museum Operation and Cnunolsseurship and participated 
In the round-table discussion on “Casa Study. Identifying 
and interpreting an Object" at the Henry Francis du Font 
Winterthur Museum. 

Mrs. Bertha M* Untttoh* at Kansas City. Mo. F attended the 
annual meeting and Art Reference Round Table of tho 
American Library Association, 

Mr. Gettens, In Boston, examined objeeta at the Fogg Art 
Museum In connection with Ms technical projects. 

Members of the staff held honorary posts, received recognition, end 
undertook additional duties outside the Gallery’ as follows; 

-- * Professor of Oriental Art, Department of Fine 

Arts. University of Michigan. 

Member. Visiting: Committee, Board of Overseers of Hum- 
barton Oaks Kesearctl Library «nd Collection. 

Member, Smithsonian Art Commission. 

Member Advisory Committee on Excbwwe In Hie Am De¬ 
partment of State, United Suites Advisory Commission on 
Educational EiehaUgea. 

Member, SiidtfoWPlan Institutlrm SuthComiiiilttie on Ro¬ 
sea icb Programs, 

Chairman, Ionise WWIflfl# Hackney Sdarfai^dp Committee 
of tbe American Oriental Society, 

Vice President, Teittle Museum. Washington, D. L- 
Vice President, Ottamos Clnli, Washington. O. C. 

Member. Visiting Committee, Board of uverseers of Harvard 
* College to tie Department of Far Eastern Clviifcations- 
Menibcr. Editorial Board, ArtAlwi of tbe Chinese Art So- 
ctety of America. 

President, Far Eastern Ceramic Group, 

Made three tape recordings for Radio Sarawak. Kudrins- 
nj An Interview with Tom Hnrrisson. Curator. Sarawiik 
Museum, about Dr. Pope's Interest in Hie ancient Cb law* 
porcelain trade; (2) an Interview by Mr. Ilnrri^ot. . 
Dr Pope's impressions of Om eswlttaM mada by Alt, 
HaWlBSOU in the Santubouff ddtn: (3) a talk on Cbsrios 
Lftpg FfW ftnd the Freer Gallery of Art 


April 26L 


April 2T. 
May 2L 
May 2S-2d. 


Juno 


June 24-20. 


June 25-28. 


Mr. Wenley: 


i>r. rope: 
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Dr, Pope; While going through the Freer exhibition galleries, made a 

tape recording In French In reply to questions by Mine. 
Fevrier for Voice of America broadcasts. 

Hr, Ettlnghausen: Organised an exhibition of Islamic art at the Ohio State 
Historical Museum. Colutnbus r Ohio, for the Summer Pro¬ 
gram on the MEddie East at Ohio State University, 

Discussed the Freer Gallery of Art and its collect Eons In 
Persian with Mahmoud Danishvar of Tehran. This was 
tape recorded for use on Voice of America broadcaster 

Translated into Persian has "Foreword. An Exhibition of 
Illustrations to Fifty Quatrains by Omar Khayyam by the 
Contemporary Iranian Painter. Hussain Behind" to be 
used on Voice of America broadcasts in Iran by Mortem 
K- YahynvL 

Made a tape recording In German for Voice uf America 
broadcasts in Vienna, Austria, on "The Freer Gallery of 
Art and Its Collections.” The interviewer was Oliver 
BrylL 

Mr. Getteua: Chairman, Art Committee, Cosmos Club. 

Member, Ad Hoc Committee on Restoration of Gatlin Paint¬ 
ings, 3mltb4dntau Institution. 

President. Washing ton Society, Archaeological Institute of 
America, 

Mrs. Usilton: Member, Council of the District of Columbia, Library Asso¬ 

ciation, a§ Publicity Chairman, 

Advisor and critic of the schedules for TOO's (Fine Arts) of 
the Dewey Decimal Classification, 30th edition. 

Respect fully submitted. 


Dr. Leonard Carmichael, 

Secretary, Smithsonian InstitutioTu 


A. G. Wenlev, Director. 



Report on the National Air Museum 

Sin: I have the honor to submit the following report on the activities 
of the National Air Museum for the fiscal year ended June 30,105”: 

The occurrence of greatest importance to the National Air Museum 
during the fiscal year 1957 was the introduction in Congress of a bill 
proposing the reservation of a definite site on the Mall, in Washing¬ 
ton, for Hie National Air Museum building. Introduced in the Senate 
on May 2, 1957, by the Honorable Clinton P. Anderson, this bill, 
S. 1985, would reserve for this Museum an area directly across the 
Mall from the National Gallery of Art. The site is bounded on the 
north by Jefferson Drive, on the east by Fourth Street, on the south 
bv Independence Avenue, and on tho west by Seventh Street, mid 
would provide space for a building with a base of approximately 
300,000 square feet. It has been approved for the Museum by the 
National Capital Planning Commission, 

Great progress was made in establishing a shop for the restoration 
of aircraft that have long been in storage. The exhibition area re¬ 
mains tho same us in former years, but rearrangements were made 
to give more space to individual exhibits. Important accessions were 
received. The number of sources from which specimens were ob¬ 
tained compares favorably with other years, while the number of 
specimens acquired is greater than in any previous year owing to an 
important transfer of aeronautical instruments and similar material 

from the National Bureau of Standards. _ 

The fame of the National Air Museum as a depository for evidence 
of aeronautical history and progress is constantly mcre^ing. More 
and more time is required from the staff to furnish information to 
visitors and correspondents. Many demands for facts are received 
by phone from Government agencies. It is increasingly apparen 
that the aircraft industry and persons engaged m aeronautical 
research depend on the Museum for tins service. Accurate replies 
should be given promptly, but the present curatorial staff can no 
longer keep abreast of the increased demand. Two additional 
curatorial positions have been authorized, and it is hoped that quali¬ 
fied persons can be obtained to fill them. 

ADVISORY BOARD 

Two meetings of the Advisory Board of the National Air Museum 
were held, at which progress was reported and plans discussed. 

in 


112 ANNUAL REPORT SMITHSONIAN INSTITUTION, H57 


Two changes occurred in the membership of the Board- Maj. Gen. 
Jolm P. Doyle, who retired from the Air Force, was succeeded by 
Maj. Gen. Reuben C. Hood, Jr., as representative of the Chief of Staff 
of the Air Force. The vacancy created bv the death in 1556 of 
William B. Stout was filled by the Presidential appointment of 
Lt. Gen. James H. Doolittle. The other members of the Board, Dr. 
Leonard Carmichael, cb airman; Bear A dm. James S. Russell, repre¬ 
senting the Chief of Naval Operations; and Grover Loaning, 
Presidential appointee, continued their service on this Board. 

At the meeting of the Board on December 14,1556, all members were 
present. The chairman summarized the history of the National Air 
Museum; described progress in the care of stored aircraft; and again 
acknowledged the generous gift from the Aircraft Industries Associa¬ 
tion and the xVir Transport Association of §35,000, used for an archi¬ 
tectural study of a National Air Museum building. Mr. Loaning 
advocated the division of the Museum into two parts: a monumental 
exhibition building for outstanding specimens, and a secondary facil¬ 
ity in suburban Washington for the study collect ions. Dr. Carmichael 
outlined the difficulties encountered during efforts to obtain a preferred 
site for the exhibition building. Because of prospects of expansion, 
the appointment of a director for the Museum was urged. Coopera¬ 
tion with the new Air Force Central Museum recently established at 
Wright-Patterson Air Force Base in Ohio was discussed. A letter 
affirming Air Force policy was presented by General Hood, in which it 
was stated that aeronautical specimens held by the Air Force that were 
primarily of national importance would be transferred to the National 
Air Museum whenever space becomes available for their display. A 
progress report was presented on the sculpturing and casting of the 
William Mitchell statue. The Board resolved that it be accepted and 
an appropriate ceremony be scheduled for its presentation. Follow¬ 
ing a discussion of several aircraft believed to be available to the 
Museum, and a statement by Admiral Russell regarding the problems 
experienced by the Navy in recording and storing specimens being pre¬ 
served for the Museum, the meeting adjourned, 

The next meeting of the Advisory Board was held on May 34, 1957, 
following the news of the bill introduced in Congress to reserve a site 
on the Mall for the National Air Museum. All members attended the 
meeting and enthusiastically discussed the advantages of this site and 
plans for the building. It was pointed out that details of building 
construction and exhibition arrangements studied during the planning 
of buildings for other proposed sites could he utilized in determining 
the form of structure and interior arrangements for this latest project. 
It was agreed that the next step would be to obtain authorization by 
the Congress for the construction of the building and funds for the 
preparation of plans- 
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A written report of curatorial activities since the previous meeting 
was submitted j the need for additional staffj, including a director 3 v*ae 
considered; and activities of other aeronautical museums wtir® dis¬ 
cussed in terms of relation to and cooperation by and with th& National 
Air Museum. Particular attention was given to progress with the Wil¬ 
liam Mitchell statue project* 


STEPHENSON BEQUEST 

Previous annuel reports have included details regarding the author¬ 
ization by Congress for the Secretary of the Smithsonian Institution 
to accept as & gift from the Lite George II. Stephenson of PUiladelplua 
a statue of Brig. Gen. William Mitchell. The sculpturing by Bruce 
Moore progressed during the year to the completion of the full-sized 
plaster cast and its delivery to the foundry forcastingin bronze. Ihc 
granite base is being cut. The full-length figure, in 01 Id \\ ar urn 
form, mounted on its base will be about 10 feet in height and, pending 
completion of the Aeronautical Hall of Fame iti the proposed, new 
building, will be placed in the Arts and Industries Building adjacent 
to Air Force displays. The formal presentation ceremony is scheduled 
for December 17,1857, as a climactic feature of the year that celebrates 
the BOth Anniversary of the United States Air Force. 


SPECIAL EVENTS AND DISPLAYS 

The year 1950 was celebrated in Denmark as the 50th anniversary of 
the first flight there by James Christian Ellehammer, which occurred 
September 12,1906. A reproduction of Ins airplane of 1906 was con¬ 
structed in Denmark, and a copy of his 1909 airplane was flown there. 
Another feature of tlie anniversary year occurred on December 11, 
1956, when a model of the 1906 aircraft was presented to the Secretary 
of the Smithsonian Institution for the Noted Air Museum by His 
Excellency, the Ambassador of Denmark, Henrik Kauffmann, in the 
Regents' L of the Smithsonian Building, andl m the pr^nceofa 
distinguished group of officials, aeronautical historians, and Smifh- 
sonian personal. The model is constructed to a scale of l: 14 and 
reflects Ellehammers earlier interest in kites in the 
its principal surface. A miniature reproduction of the enpne - 
Ellehammer made is mounted at the front, and the e . ^ Q ^ 

and tethering connection illustrates how the aircraft was guided over 
fc re lT p'th and rose for a flight of about 140 feet at of 

about 18 inches, with EUehammer on a bicycle scat just behind the 

For the annual mooting of the Regents of the ^ 

tion on January IS, 1957, the Xational Air Mu^mnd,plaj oda^r,e, 
of scale models illustrating development of United pistes < 
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planes. This display was particularly timely because the Vought 
FSU-1 “Crusader” Navy fighter plane had recently established a new 
national speed record of 1,015.4 miles an hour. Contrasted with a 
model of that jet-powered swept-wjnged fighter was n similarly scaled 
1:16-size reproduction of the Navy’s first seaplane of 1911, which flew 
at about 50 miles an hour, and of models of Navy planes used in 
World Wars I and 11. 

The National Air Museum was represented by the head curator at 
the National Air Races held at Oklahoma City on Labor Day; at the 
directors meeting of the National Aeronautic Association, held in 
Washington on October 2 , on the Brewer Trophy Committee to choose 
the person most prominent in 1956 in the field of aviation education 
for youth; at the Wright Brothers Banquet of the Aero Club of 
Washington, on the 53d anniversary of the first flight, December IT, 
1956; and at the American Helicopter Society Forum held in Wash¬ 
ington on May 10, 1957, At the model airplane exhibition held at 
Cleveland on February 22, the head curator served ns chief judge, 
selecting three outstanding models for the Museum collections. For 
the I 1 irst National Conference on Aviation Education, organized by 
the National Aviation Education Council and held in Washington 
March 7-8, 19o7, the National Air Museum was represented by both 
the head curator and the associate curator, the former as speaker on 
“Aviation as a Vocation and Avocation” and the latter as consultant 
on Aviation Curriculum Enrichment. Among the 23 lectures given 
on various aspects of flight during tire year by the head curator, 
tuo were presented to aeronautical groups at universities, three to 
units of the Institute of Aeronautical Sciences, and three to military 
units. Six lecture tours of the aeronautical exhibits were given, five 
to military units, and the other to a group of progressive youths spon¬ 
sored by Representative Peter Muck of Illinois. 

The Museum participated in three television programs on aero¬ 
nautical history during the year; the head curator spoke on three radio 
programs and made sound tapes for two others, all relative to the 
functions and exhibits of this Museum. Numerous persons preparing 
broadcast programs consulted tire Museum for facts. 

IMPROVEMENTS IN EXHIBITS 

Many of the displays maintained in the Aircraft Building and in 
the Aeronautical Hall of the Arts and Industries Building were im¬ 
proved during the year. Several specimens were added to the Robert 
J. Collier Trophy display illustrating annual awards “for the greatest 
achievement in aviation in America, the value of which has Ixjen 
thoroughly demonstrated by actual use during the preceding year,” 
The display of the Klemin Plaque awarded annually by the American 
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Helicopter Society to outstanding personages id that fields the 
case containing mementos of Wiley Tost and his two world flights; 
the Postal Aviation exhibit featuring models of historic airmail 
planes; the Amelia Earhart Memorial Collection; and the aeronau¬ 
tical instrument collection were improved. A series of paint mgs of 
jet-powered aircraft by the noted artist Charles Hubbell was added to 
the exhibition of the Whittle jet engine. The case containing noted 
aeronautical awards* including the Curtiss Marine, Pulitzer* Harmon, 
Brewer, and Wright brothers trophies, was rearranged and labels 
were rewritten. The case containing model aircraft of the first World 
War and the commercial models exhibit were rearranged, and the im¬ 
pressive series of models illustrating types developed by the Wright 
brothers and their company was improved by the addition of several 
models* prints, and structural specimens, A seasonal exhibit of kites 
attracted attention from the younger visitors and from aeronautical 
historians who recognise the kite as the fundamental manmade air¬ 
craft, Some of these early types of kites embody the genesis of im¬ 
portant aerodynamic features. 

The 40-year-old prefabricated steel Aircraft Building, actually a 
World War I airplane hangar* was provided with a new skirting 
around its lower edge, extending over the concrete curbing so that rain 
will drain outward instead of seeping inward. The sloping wall was 
painted. 

The Smithsonian Print Shop prepared a number of labels to replace 
the former temporary ones* greatly improving appearance and legi¬ 
bility, All the suspended airplanes in the Arts and Industries Build¬ 
ing were cleaned, and several fabric repairs were made* The Wright 
Military and Curtiss Pusher airplanes were provided with glass 
screens at their wing tips to protect them from handling by visitors. 
The Bangley quarter-size model aerodrome was re-covered; the large 
display case containing airplane models of the pre-World War I 
period was disassembled, moved from the Arts and Industries Build¬ 
ing and re-erected in the Aircraft Building* and the models rein¬ 
stalled; and exhibits of relics associated with the first transcontinental 
flight and the First Aero Squadron of World War I were Improved, 

The Air Force Central Museum at Wright-Patterson Field trans¬ 
ferred to this Museum a 3-unit wall case in which scale models show- 
ing the progress in design of Air Force planes have been installed* 
This new case is provided with shielded lighting and illuminated label 
frames and is a great improvement over the floor case formerly used- 

Many of the new accessions listed at the end of this report were 
prepared for exhibition during this year; others must be held in stor¬ 
age until the new building is completed. 
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RESTORATION OF STORED AIRCRAFT 

At the end of the previous fiscal year all the buildings at the Na¬ 
tional Air Museum Restoration Facility in the Suitland, Mr]., build¬ 
ing area had been erected; a force consisting of a foreman, two air¬ 
craft mechanics, a vehicular mechanic, and an aide had been engaged, 
and they were setting up a shop in the largest building. In that shop 
the stored aircraft, principally those World War II planes that had 
been transferred from the Air Force by order of Gen. H. H. Arnold, 
will be prepared for eventual exhibition and study. 

That large building, known as No. 10, and measuring 200 by 180 
feet, was improved by the addition of a concrete ramp in front; instal¬ 
lation of gas heat in one of its 60-foot-wide sections, involving the 
erection of a 200-foot partition to confine the heat to that area; and 
insulat ion of the ceiling and walls. Electric service was increased and 
extended to the newly installed power tools and equipment, including 
a metal-cutting band saw, punch press, belt and disk sanders, air 
compressor, p Lis tic-heating oven, drill press, and other devices for the 
fabrication and repair of aircraft parts. This shop area is becoming 
a well-organized and efficient unit of the Museum. Using scrap tna 
terial for the most part, the facility personnel have constructed a tool 
crib, sheet-metal rack, scrap boxes, parts bins, welding area, and 
benches for special tools. 

Because many of these aircraft were stored at Park Ridge, HI, for 
a long time in the open, and then subjected to the hazards of overland 
shipment, they must be removed from their boxes and cared for as 
quickly as possible in order to arrest deterioration. During the year 
seven airplanes and seven rotorcraft were unboxed, inspected, and 
corrective work started. One aircraft, the World War I De Havil- 
land-4, was completely restored. Tins entailed splicing the broken 
longerons; cleaning and repairing the transverse frame of the fuse¬ 
lage; re-covering the control surfaces, with assistance from the fabric 
shop at Bolling Air Force Base; cleaning and redoping the wings; 
cleaning the engine; and making numerous repairs to equipment. 
This airpl&no is now ready for exhibition. In connection with the 
nork on other aircraft a number of pieces of shop equipment have 
been made, including fuselage and wing cradles, engine covers, and 

an g pt-ar. Some special tools had to be fabricated from raw 
stock* 

In response to a request from the Department of Justice all the 
autogiros in the facility were moved to Building 10, unboxed, and 
partly assembled for examination in connection with investigation 
of patent claims against the Government. The information thus 
obtained was helpful in studying details of the case, The DC-3 
transport airplane, given to the Museum in 1953 by Eastern Airlines 
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and flown into the Washington Airport, was disassembled there by 
Museum personnel with help of the airline crew and hauled by truck 
to Suitland, the fuselage being towed on its own wheels. The Ger¬ 
man V-l buzz bomb of World War II was assembled and painted, 
with the assistance of Andrews Air Force Base mechanics. At the 
dose of the year preparations were being made to set up our own 
paint-spraying booth. 

In Building 1 a shop for maintenance of vehicular and handling 
equipment has been organized. Because much of the equipment for 
lifting heavy loads was obtained from Government surplus stock, it 
has required reconditioning, Repairs have been conducted during the 
year on five forklifts, a crane, truck, and bulldozer, and the associated 
slings, dollies, jacks, hoists, and other material. Rome repairs have 
been made to the roads connecting the buildings. 

The four large aircraft that remain stored in the open at Andrews 
Air Force Base, and which suffered from vandalism and exposure 
until Museum personnel could be engaged to cure for them, were the 
first to receive preservative attention from tho Museum crew. All 
openings on these aircraft were scaled; control surfaces, propellers, 
and tires removed; engines cleaned and sprayed; landing gears 
shored; and the wings and fuselages securely tied do win 

Final prefects of the year were the unloading of the Bell VTOL 
aircraft*, and the removal of two airplanes from exhibition for repair. 

ASSISTANCE TO GOVERNMENT DEPARTMENTS 

During the fiscal year it was acknowledged by the Court of Claims 
that the Curtiss Army racing airplane of 1025, preserved here since 
1027, embodies wing details that enabled tho Government successfully 
to defend itself against a claim involving nearly half a million dollars. 
That amount alone is several times the annual appropriation for this 
Museum. In addition, the Justice Department was furnished infor¬ 
mation and shown material relative to claims pertaini ng to rotorcraft, 
airplane control devices, and parachute releases. The fact that this 
information wss readily made available to the investigators saved time 
and expense to the Justice Department. If the related specimens had 
not been preserved the Government s cause would certainly ha^e been 
weakened* 

Many offices within the Government requested and received as¬ 
sistance and information from the Museum during the year. Among 
these were the U. S. Information Agency; the Office of Military 
History; the Air Force Information Service; the Department of 
Defense, Office of Public Information, and the same Department s 
Office of Scientific Information; the Air Force Research Unit; the Air 
Research and Development Command; the State Department, Office of 
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Dependent Area Affairs; the Voice of America; and the Government- 
published magazine America illustrated. Subjects included the 
history of jet aircraft and guided missiles, identification of per¬ 
sons in photographs, the story of skywriting, flight clothing and uni¬ 
forms, addresses of companies and persons, the history of trans¬ 
atlantic flying, lives of aeronautical pioneers, data on famous aircraft 
and Some obscure ones, first instances of structural details and acces¬ 
sories in aircraft, air-sea rescue devices, and many others. The De¬ 
partment of the Interior asked about early uses of airplanes in 
Alaska, the Air Force Museum was supplied with photographs for 
its displays, the Coast Guard received help with an exhibit on ant¬ 
arctic flying, the National Advisory Committee for Aeronautics was 
aided in locating data on a helicopter pioneer, and the Geological 
Survey was interested in maps used by Charles Lindbergh when he 
flew across the Atlantic in 152T. The Civil Aeronautics Administra¬ 
tion was helped with facts about airmail history, in identifying an 
obsolete “flying wing' 1 aircraft, and pioneer flyers. Speech writers 
in the Navy Department requested help in assembling facts for talks 
to be given by their head officers; at the beginning of the Naval 
project, which culminated in establishing a new altitude record for 
balloons, the Museum was asked to furnish information about earlier 
attempts to roach record heights; and the Navy’s Hydrographic 
Laboratory, experimenting with hydrofoils, was informed about 
earlier experiments with water vanes. Several times during the 
year the Navy was assisted in preparation of a film illustrating 
the development of Naval aviation as recalled by the pilots and en¬ 
gineers who helped to make that history. Such assistance with im¬ 
portant projects admittedly saved time for the research workers, and 
prevented duplication of work already accomplished and a search for 
details proved or rejected. From the offices of a number of Congress¬ 
men requests were received for information needed by constituents, 
and in every case help was given to the extent possible by the limited 
staff and facilities of the Museum. 

PUBLIC INFORMATIONAL SERVICE 

Aa stated in the opening paragraphs of this report, furnishing in¬ 
formation to the public is a function most demanding on the time of 
the staff. This service occupies a large portion of each Museum day, 
hut space permits only a few highlights to be given here. 

General Dynamics Corporation’s Convair Aircraft, preparing a 
history of its third of a century in aircraft production, used the Na¬ 
tional Air Museum’s reference files and photographic prints to pre¬ 
pare the background, and Capital Airlines found usefu] information 
here for its historic review 1 . Many aeronautical organizations found 
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Museum records to be helpful: the Aero Club of Washington selected 
its honor guests for the annual banquet on the basis of accomplish¬ 
ments determined in part from information furnished by the Museum; 
the Air Force Association used the Museum’s files in planning its con- 
vention; the OX-5 Club, formed of pilots who flew behind the 
worthy engine of that name, was aided in preparing its meetings; and 
the reunion of the World War I 20th Squadron was made more en- 
joyjiblc bec^usts of help from tlifi Museum, Ujs E&rly Tlird&j nti or 
ganization of those who flew solo during the first 13 years of human 
flight, continue to ask the Museum to help in arranging meetings, re¬ 
calling historic events, and preserving their treasures associated with 

° The city of Philadelphia was assisted in celebrating the 45th 
anniversary of a “race” between Lincoln Beachey, Hugh Kobmson, 
and Eugene Ely, flying from Governors Island, N. T., to 1 ml a* 
del phi a in Curtiss pusher airplanes. The Art Center at a am a 7 . 00 , 
Mich., was helped in preparing a display of artistic and aerodyniunic 
kites. Artists were aided in preparing authentic paintings of W 
War aircraft, airmail planes, and Zeppelins. Many reporters _ _ , 

(he Museum for details, «peeially at the tan. -he., the Pren*«tnd 
heticoptera landed en the White House laren, and ne J B W“™™ 
wanted to know of previous instances when landings had been m _ 
there. The Museum told them about Harry Atwood making » _ 

dential visit in his Wright-B airplane m 1011 and^ James Eaj pilot! g 
an autogiro to land beside President Hoover m • . , . 

Amonc the many publications that checked their articles from 
Museum facts were the National Geographic Magazine mqmnng 
about airplane control, and Air Fora Matey; *«*»■ 

•boot Sikorsky’s Meters and Lindbergh’* ft£htto P.tra I ft 

to obtain pl.c^phsand to learn 

STW- Booh Encyclopedia to 

^ “ta w? *. »*." «**• UKd 

the U* Of their 
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authors who came to the Museum for assistance. Persons constructs 
ing full-sized reproductions of famous aircraft in which to recapture 
the romance of flying of the early days, and model make is enjoying 
the hobby of building noted aircraft in miniature, wrote or came to 
the Museum for help, 

REFERENCE MATERIAL 

Tlie National Air Museum library, reference files, and documents 
form an indispensable supplement to the knowledge of the staff and 
are of great value to researchers who come to the Museum. These 
records are used when labels are written, catalogs compiled, letters 
answered, and statements require authentication. Realising that all 
this constitutes a valuable public service, a number of other aeronau¬ 
tical historians and collectors have deposited their reference material 
with the Museum, where it continues to be available to themselves 
and also serves others. 1 he cooperation of the following persons and 
organizations is sincerely appreciated: 

Behlixer. Henry A., WiLsIilrt^taD, D. C.: Two scrapbooks assemble*] bjr liSs father, 
Euife Berliner, recording experiments by father nud son wltb helicopters, olr- 
planes, and aircraft engines from 1003 to ItiUS. 

Bom. ye, John W„ West Trenton, K. J.: Selection of aeronautical perioilicals to 
fild iii completlug Museum volumes, 

® ow ™* Treiobl, Burry Port, Wales: PtotOfirapbs of tbe iaonuniunt MTpmofflt* 
In^r the Arrival of Amelia Earhart at the end of her elrst transit !«mlc flight 
[n Che Fokker Friendship, with WHmor Stu tz Eind Lou la Gordo it, June S, ID2SL 
Clisjj, Caw. Joseph, Coronado, Calif.: Photograph album 11 EuaLratiag activities 
of the First Aeronautic Detachment, B, Navy, in World War 1 (loan). 

Fite, Rai% Coronado* Calif,: File of newspaper articles per tabling to the airplane 
Spirit of St. Louis And reference Items on Convair aircraft. 

Fiket Marine Aviation Force Yeterams Association, through J. E, Xlchclsoa, 
Adjutant, Baltimore, Md.: rhotographii of U. S. Marine aircraft and personnel 
operating in France during World War I f loan). 

Franklin Issmuii, Philadelphia, Pa., through Director A. Carlton and Capt. 
Ealph Enraaby. U, 5. N. (Ret) : A scrapbook and a selection of avia Hen prints 
collected by the late S. S, Jerwjm, pioneer flyer In MoE^int airplane, 1010, and 
later an Instructor In flying, 

GaECsi, Richard, Kalamazoo, Mich, l Photographs and slides of el special display 
of kites assembled by him at the Art Center (loan). 

Hamilton Standard, Windsor Locks, Conn,: A mot ion picture flhn p '"Keep ’Em 
Flying*" describing the operation and servicing of a hydroma tie propeller, 
Jaieett* Coe Bpeliso, Aberdeen, MiL : A motion-picture film compiled by himself 
and MaJ, Kimbrough Brawn, describing the life and flight of the German 
World War f Ace, Baron Manfred Yon Richthofen (loan). 

Jo^es, Mrs. Ernest L_„ Clifton* Yu.: Original manuscript of the chronology eotu- 
piled by her late hunhand* Col. E, L Jones, comprising a detailed listing of 
events In aeronaut leal history. A very valuable reference work. 

Ktiik, Presgton, North Platte* Nebr.: An original booklet describing aircraft 
engines developed by Charles Lnwmncfe 

Lltcb* Harsv t Estate of)„ Washington, D. Q. j Two aeronautical dlctlonarleg used 
by him while ablation editor of the Washington mar. 
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Lebraby OF CffifOKraB, Washing el, T> r C. I Charts showing details of aefomtudcal 
equipment, drawings of G^rmnn aircroft, World War I reccgcitkm pasioxa of 
German airplanes, 21 photographs of historic aircraft, and, through Dr. 
Robert Multhauf, a eepy of Eacofflotfoa Acrlcnno by D'AmGCOUrt, 18GL 

TiTTff 4 Tm.iT PnEsfi, Washington, D. C, : Coiiias of June's "All the Worlds Aircraft” 
(loin) ; bound volumes of the Aero Digest, and u quantity of back 

Issues of this magaaSne (gift)* 

Masoeuke, Craoles G-, and Lokoo* Rdisebt, WEcbJta* Kods,; Copy of -The Gee 
Bee Story/ 1 a history of Granville brothers 1 racing planes, 1&2G-1039. 

Navy, D^ahtmlit of Tuir Washington, P T G+; A reprint of the log of the Nuvj 3 
first airplane, the Curtiss A~1 of 1011; drawings of the N-9 training plane and 
of the F5L patrol plane of World War L 

NicswAfttrzB, alss, K. X* Rethesda, Md.: Album of photographs assembled by her 
father, Capt Kenneth Whiting, U< S, N„ 11 lustra ting his experiences afl a pioneer 
In naval aviation and In the development of the aircraft carrier (loan). 

Nieto, Joseph, San Antonio, Tote, : Drawings of World War I nlrplan.es tmd "£ 
commercial pianos of tbs 1030's (purchased). Motioe-r^uM films of notable 


flights (gift). 

Nippon Amo Club, Tokyo, Japan* through S, Sonodn: Recent Japanese aviation 
periodicals* 

PjsunENTTAL iKSfRAScR 0&. or America. Newark, N. J.: Motion-fiteture film of 
the “You Arp There 11 television program "Benjamin Franklin and His KLte- hh 

Hlui. Echuit E.. Alexandria, Va.: A. contemporary poster of the editorial In the 
Went York awn, May SI, 1027, "Lindbergh Files Alone." 

SrriXT, R. D., Fort Meade, Md.: A collection of pbotogrnpbs of foreign aircraft 
and engines, principally Gorman and ttalian types of World W« II (lovO. 

Shaw, Jens K. r Sioux Falls, 8. Dalt.: Book by this author listing Ares of World 
War I. 

Untito Aihcuaft COSFOICATION. East Hartford, Coo a. i With the rh* I stance of 
Harvey Ltppiocott, n Me ot the Corporation ma**zln* Bee MvC, copies of the 
publication Aerotpherr. and a selection of texts deserving Frit£ A Whitney 
aircraft en pices 

Yexvti.le, a™, Washington, D. C.: Drawings end tut* describing the VerviHe 
"Messenger" airplane, 1U20. 


accessions 


Additions to the National Aeronautical Collections received and 
recorded this year total 1,OSO specimens in 33 separate accessions from 
30 sources. Those from Government departments are entered as 
transfers; others were received as gifts except as noted. 

Aib Poses, Ds’-abtuesT or THr, Washington. D. C.: Tnln floats devised and 
constructed In 1007 by Orville find Wilbur Wright and teste< ™ ® ‘ 

River, Day tun, Ohio, during experiment# to develop a <“ n r ] _ 

t* flown over the assembled world fleets at Hampton Roads. Va., <*»«**“* 
Jamestown Exposition of that year, a ad a drawing lllostm t ng tha!: taper ■ » i 
IV A M W,'> Two diorama*, first received of a senes illustrating the 
of .he United States Air Force. One diorama depicts j «£* 
the Civil War: the Inflation of a captive balloon, piloted bj T ■ ■ 

used for military observation of Confederate opera « * rapture of 

illustrate an important operation during World War n-^er p m «of 

Flnachafeu, New Guinea, when a landing and takeoff strip bad prepared 

for u#e of Lockheed P-S8 Lightning fighter plane- (IT. A. M. WO). 


122 ANNUAL REPORT SMITHSONIAN 1X5X1X1111011, 1657 

AT^niflONp Jog. Anthony, Washington, D, C*: Two painting for an exhibit on 
Natural Flight, shying tbs extinct pterodactyl and the dragonfly (N* A- M. 
&1S, purchased), 

Beix Auciajt Co„ Buffalo, EL Y + r YTOL aircraft {Vertical Take Off and Land¬ 
ing )* developed by Lawrence Bell and associates In 11+54. Fairchild J-44 
engines, located eacli side Of the fuselage, were pivoted Into vertical position 
for direct upward takeoff, and after gaining altitude were rotated to horizontal 
position for forward thrust A conventional wing provided lift for forward 
fight, and a French Falouate compressor provided air blasts at the wing tips 
and empennage for reaction control. Landings were made either by descend¬ 
ing gradually during forward flight, or by pivoting the Fairchild engines Into 
upright position and descending vert Sea Hy (N. A. M. 843). 

BzatfJNra, Cou Henry* Washington, D, 0,: Two wing riba from the Wright 
brothers" airplane of 1006 which was the first to be demonstrated to Govern- 
menl officials nt Fort Myer p Vm* those demonstratlonB being suspended by the 
unfortunate accident of September IT, 10<5S; an Brco propeller blade of about 
1645 formed of impregnated wood and plastic; and it portrait photograph of 
the donor's father, Emile Berliner, who p beginning about JSOO, and coni Sun Lair 
later with the assistance of Ms non. experimented with rochet -powered model 
airplanes, full-scale helicopter^ and engines. The donor developed helicopters 
that achieved vertical llft p successful airplanes, and aeronautical equipment 
UW A, M r 037), 

Boeing Aiflane Co,, Seattle, Wash.: A scale model, 1:43 ss^e, of the Boeing 
15—52 Air Force bomber which was the subject for the 1&55 award of the 
Robert L Collier Trophy {N. A M, 033). 

Bolapu, Joseph, Frederick* Md.: A scale model, constructed by himself, of the 
Boland Tatllssa Pusher airplane developed by him and his brothers nt Bahwaj, 
N. J„ 1909. It Incorporates a unique "Jib™ control and was flown most notably 
by Frank Boland in Venezuela and Trinidad, 1912; it being the first aircraft 
to fly In those pIelcgs (N. A. 31.1+17). 

Bxso. Mtfl. Thouaa, Boyce* Va: Plaster eatt of tbe Congressional Medal 
awarded posthumously to Brig, Gcm William Mitchell, August 8* 1940, "for 
Outstanding pioneer service and foresight in field of American military avia¬ 
tion/* Sculptured by Erwin Sprlngwetler {N, A. 31.U27}. 

Cessna Aircraft Co., Wichita, Knns.: 31 odels* scale 1 : 3fl, of three airplanes: 
tbo Gomel: of 1011 developed by Clyde V. Cessna during the pioneer days of 
aeronautic*; the Type 180* 4-sea ted hSgh-wfng monoplane Introduced In 1853; 
and the Type 182, which is a 1050 improvement of the Type 180 having 
Smoother flight characteristics (N. A. M.936), 

CoMliRftC*, U* 8* Department of* National B<jrf.au of Stats nAaoH, Washington, 
B. C.: A large and valuable collection of instruments dating back to the 
practical beginnings of aircraft Instrumentation, Including some typos used 
with early llghter-than-alr craft, compasses, engine instrument a, navigation 
devices, fuel regulators, flight performance instruments, bombslgbfc, and other 
equipment, both American and foreign. Thb material hns been collected over 
the past 40 years or more In connection with the testing work of the Bureau's 
laboratories. The assistance of Br. W, Q. Brombacher !n Hating and identi¬ 
fying this collection Is gratefully acknowledged. <N. A. M, 924). 

Garber, Paul Egwaed, Washington* D. C.: A Japanese +r cricket ri kite, embody¬ 
ing pooebw and dihedral angle* for stability made in 1058 {N.A.M. 915); 
n sculptured portrait of Br. Buicnel Plerpont Langley, third Secretary of the 
Smithsonian Institution, renowned astronomer, scientist, find pioneer of avi¬ 
ation ; sculptured bend by Joseph Anthony At eh Ison, 1057 (N + A. BL 930). 
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GsuUUAJT AJBcnAfT ExotSOMJHJ CoBPCBATioy. Bethpflge, L. U N. Y.J Two 

1: M *». o, <h. Or»»» (11P-1 -**■ .lj». 
use as a Naw fighter. One of these models Is shown with the Robert 1. 
Collier Trophy, It being the first airplane to embody the Area Ruleprlnclple 
SU at tLe National Advisory Committee 
by Richard Whitcomb who was recipient of that TTophy for tor 
The other model is in the series Illustrating naval aircraft t«- A* *«• »*>)■ 

T«, 7r“11L‘ 

Stale rule and used in determining the amouat aud dls^ous 

and other load factors to Insure safe operation of aircraft. The»s are 

B~l7 and E-20 airplanes (N.A. If-OSS), 

Bussell, ChjlrlkS H, Cleveland, Ohio: Scale model. 1.16 si , * 

Saulnler monoplane of 11114, one of the first fighter airplanes used hi the 

Jumr? n°tf-OWI* " 

Itli'Ltt'rd G Bjid, laaolMI IP the Jj* rr - wbo “ PloneP, pBot ot MMinnt 

airplanes In 1&10 (N, A.M, P31). a British Bentley 

Kikk l'BBSTOH North Platte. Nebr.; Three aircraft engines, a Britlbh uenney 

BR-2 rota o’ — f*"- used in World War I pursuit planes; an American Law- 
(N. A. M, 1K9>- . . xiropcisor blade from a Curtiss electric 

^£T» 252- 

■ 2 K : it™ 

u Manta, tin- naomri artatlm HW i " 1 IW '“ t ' r 4, “” 1 
flS£} - „ „ a* Tjsiiis. Mo. “ A scale model, 1:10 ala*, of the 

“SStfES Jct flEbt£r 

111 mstltatlon. Washington, D. C : 

Gnu«rm» °* M by JrjU u Elliott and four photographic 

A group of 1C framed portrait* _ ^embers of the Lafayette EscadrUle, 

prints of Portrait, by fou£ht with the French in World 

n r^novi'Dcd groofi of AmeriiaR 

Wct I (N.A. M. 021. D . c . : The original Irndgnc of the Naval 
NavTr. DKFAiiTunSTWTnE, ^hi gt ’ „ iKd during World War I, where 
Aircraft T&£toF$< Philadelphia* F ■* a* If* &18J, A 

many notable aircraft lQ an a adopted the following year hy 

Knvmn FC-235helicopter, devel pc ‘ lB of ^ twln-ln termeshing 

the Navy «« a "^Jj^npUeThy the Roeiag ITfrhp. YT-50 gas-tnrhlne 
type, and Us power was Aircraft Corporation in conditioning 

eugine- The assistance o ^ Js gratefully acknowledged (N- A. 91. 

this helicopter for Museum preservation is graietu 

North Mamin Am-riotr, I sc.. Coliimtsus^Ohio^ ^ b o,in division of 

■* w.4 -«■„.•■■»- «*g? t £~JSZ?£XEJ ■»» 

*— —•—*“ 

< N. A. M» R34), indicating unit of the radio compass 

Pearas. Vttum,:*tended substratosphere crosscountry flights 
used hy Wiley Poet during um kwou' 

In the Winnie M«e, lfi»5 (N. A. Sf. fi2S) • 
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Fottek, Stanley L,. Alexandria, Ya.: A diamond-colled box kite of the type in. 
ntcd by tils father, Samuel Potter, who was a pioneer lu the development of 
cellular kites and their use for meteorological research by the U S Weather 
Bureau (X. A, M. 1114 }. 

Rotal Danish Aebo Cara, Copenhagen, Denmark, through His Excellency the 
Ambassador of Denmark, Henrik KauffmOHn, Washington, D. C,: A scale model, 
1:14 Hla *> of the airplane designed, cmnstructcd. and flown by Jacob Christian 
Ellehammer cm the isiand of LLndholm, September 12,1200. The assistance of 
Erik HUdes-Heim in obtaining this model is gratefully acknowledged 
(*». A. 3 I h SMSt)). 

Ryah Aeionaotioai. C& rF San Diego, Cnilf.: A scale model, i ; 10 sla^ of the 
M-l mail;ilano used on commercial postal aviation rentes of the mld-1020'B and 
the basic form of btgh-wicg dosed-fuselage monoplane from which the Spirit 
of Bt> Louis was evolved by the same company (N, A, M. 930) 

SPEney Gtbmcow Co., Great Keck, N. T.: A scale model, 1: S size, of tbe original 
‘ AerieI Torpedo," pilotless guided missile developed by tlie donors during the 
first World War (N. A. M, 919), 

Tcstan, Michael, Cleveland, Obio; A scale model, 1; HI size, of the Pfalz D-3, 
Oerman World War I fighter airplane Introduced In the spring of J91T aud 
favored by some of the German Aces because of Its maneuverability und strong 
construction (N. A. M. Oil). 

Vaoi, EjiNtflT F,, Cleveland. Ohio: A scale model, 1:24 size, of the British 
F. B, 2J1 World War I two-seated fighter, developed by tbe Royal Aircraft Fac¬ 
tory. Because Its propeller was behind tbe wings, the gunner Lu the front seat 
had a wide angle of Are (N. A. M. 942), 

WunNsr, Capt. Heoinau,, Baldwin, L, I., N, t .: A Japanese aviator’s flying suit 
Used In World War If (K. A, M. 025). 

Wiseman, Mas. S. A., Washington, I>. C.: Four silver trophy caps awarded to 
the pioneer aviator Arthur L. Welsh lu 1611 and a framed photograph of blue 
and Robert J. Collier seated in a Wrlght-B airplane. Welsh was taught to fly 
by On ilie IV right and became Instructor and test pilot at the Wright School 
In Dayton. He taught Lt, H, H, Arnold (later General of the Air Force) how 
to fly. Welsh was killed In the crash of a Wright-C at College Perk, Md., in 
1912 (N. A. M. 644), 

Respectfully submitted. 

Paul Edward Gasper, IJcad Curator , 

Dr. Leonard Caustic haxl, 

Secretary, Smithsonian Institution. 



Report on the National Zoological Park 

Sir : I have the honor to submit the following report on the acti vities 
of the National Zoological Park for the fiscal year ended June 30, li)5T: 

This has been a year of many changes in the administration of the 
Park, as four men in key positions reached the retirement age. Tim 
first to leave, on October 31,1956, was Dr. William M. Mann, who had 
been Director of the National Zoological Park since 1935. During his 
term of office the number of animals in the collection increased from 
1,600 to 3,000, much of the increase being due to collecting expeditions 
he headed. Under his direction three modern exhibition buildings 
were erected and a new wing was added to the bird house. Also built 
under his administration were the machine shops, garage, a new res¬ 
taurant, and the building that houses the pol ice headquarters and pub¬ 
lic restrooms. Dr. Mann's enthusiasm for his institution endeared him 
to friends all over the world. Ho remains in touch with the Zoo as 
Honorary Research Associate of the Smitlisonian Institution. On 
June 11, 1957, the American Association of Zoological Parks and 
Aquariums honored Dr. Mann at a luncheon in the Zoo, paying tribute 
to his many years of leadership in zoological park management. 
Those attending from out of town were Lee Crandall, formerly Direc¬ 
tor of the New York Zoological Park; Freeman Shelly, Director of 
the Philadelphia Zoo; Roger Conant, Curator of Reptiles, Philadel¬ 
phia Zoo; Clyde Gordon, Director of the Staten Island Zoo; and 
Roland Lindemann of the Catskill Game Farm, Catslrill, N, Y. 

The Assistant Director, Ernest P. Walker, retired on December 30, 
after nearly 27 years with the Zoo. As a maminalogist, especially in¬ 
terested in small mammals and wildlife conservation, his services were 
invaluable- He developed new diets for animals, and devised new 
methods of exhibiting them. He is continuing to write about 
mammals. 

On February 28, Frank O. Lowe, head keeper, said farewell to the 
animal charges he had worked with for 48 years; and on April % Peter 
Hilt, superintendent of maintenance and construct ion, retired aftei 
36years with the Zoo. Doth of these men were remarkably efficient in 
their fields and were respected and liked by the men who worked under 
them. 

exhibits 

Plans for the future of the Zoo are to maintain a well-balanced zoo¬ 
logical collection, with special emphasis on the exhibition and prepa¬ 
id 
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gation of North American animals, inasmuch as this is the National 
Zoological Park. The exhibition of exotics will not be neglected, but 
an attempt will be made to feature such animals as Rocky Mountain 
goats,Rocky Mountain sheep, prong-horned antelope, and other native 
species. Variety of species will be emphasized rather than numbers 
of individuals. 

This year, for the first time, an outdoor exhibit of trained birds of 
prey was started. With the cooperation of local falconers, a red* 
tailed hawk and a Swainson's hawk were taken from the 2oo ! s col¬ 
lection and trained to a stoop and to the wrist. A duck hawk, or 
peregrine falcon, already trained, was presented by a falconer. The 
public has shown much interest in this new exhibit, where the birds 
are to be seen at dose range and with no bars between them and the 
visitors. 

Albinism, a curious phenomenon, has been prominent in 1957, and 
an unusual number of birds, mammals, and reptiles have their pink- 
eyed representatives within the present collection—in fact, to an 
extent seldom seen in zoos. The mathematical improbabilities of a 
male and female albino black snake nice ting in their natural habitat 
are staggering, but such might be possible under zoo conditions. It 
is hoped that some interesting genetic implications may develop 
from these exhibits. 

ACCESSIONS 

A number of outstanding additions came to the Zoo this year. 
The most important was a pair of white or square-lipped rhinoceroses, 
(pi, 5, fig. 1), purchased from John Seago, an English collector, who 
bad been trying for two years to secure them for the National Zoo¬ 
logical Park. They were the first ever to come to this country and 
are still the only ones in the United States, Another purchase was 
a pair of snow leopards, commonly considered the most beauti ful of 
the big cats. (Pi. 5, fig. 2.) 

Tlie Government of the Belgian Congo, through the Minister of 
Colonies, presented the National Zoological Park with a fine pair of 
okapis (pi. 6), the first ever to be exhibited here. They were flown 
from Leopoldville to Hanover, Germany, for a 60-day quarantine and 
then to the United States Quarantine Station at Athenia, N. J., for a 
30-day quarantine. Upon arrival at the Zoo they were formally pre¬ 
sented by Baron Leopold Dhania, Counsel at the Belgian Embassy in 
Washington. With their glossy, dark-brown coats and striped legs 
they form an outstanding exhibit. 

An inconspicuous small black bird, with red eyes, which was ob¬ 
tained from an animal dealer, turned out to be an ornithological 
prize. It is a Colombian red-eyed cowblrd [Tangaviua ormenri), 
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which had not been observed since 1866 and was assumed by scientists 
to be extinct. 

Six poisonous black-and-white-striped sea snakes {Laticauda c&Vr 
bt'iji/L ) were obtained through the efforts of Frederick M> Bayer, of 
the United States National Museum. These are seldom seen in cap¬ 
tivity, as they are difficult to keep. Shortly after their arrival here, 
one of them laid 15 eggs, attracting a great deal of interest, as most 
reference books state that sea snakes are viviparous. Disappoint- 
ingly, none of the eggs hatched. 

The United States Army Signal Corps, giving up its homing 
pigeon loft at Fort Monmouth, N. J., brought two hero pigeons to 
the Zoo. These birds, known as Anzio Boy and Global Girl, com¬ 
pleted, between them, 61 important World War II missions in the 
Mediterranean area and were given citations by the Army. They 
have been placed in an outdoor cage, and an account of their military 
history appears on a large label nearby. 


CUTS 

Other gifts of special interest were received from the following: 


Ballon, George, New Tort, K. Y-> 
spiny mice (Acoiayi) . 

Rooav.it, George O., Suit]find, MS, 
white-crested cockatoo. 

Broad head, William S., Jllddtabcig, 
Ya, Axart's wild dog. 

Brown, Mrs, Helen, Washington, D. C- 
black spider monkey. 

Cleveland Wild Boar Clot, Cleveland, 
Tenn,, wild boar, 

Coalson. H, B-, Berry vllle, Ya^ spider 
monkey. 

Dennis, Westey. Warren ton, Vn„ fann- 
DePrato, Mario, Langley Park, Hit, 125 
hermit crabs, 7 turtles, 23 snakes, 0 
frogs, 8 Hoards, 1 toad, 

Du Pont, IrCnfe, Wilmington, Del., 4 Cu- 
ban EpuunftB. 

Gasoh, Manning. ForestvJIle, Ya., Amer¬ 
ican bison. 

Glnntnrco, Dello, Washington. D. C.. 

Mexican spider monkey. 

Hamlctt, George W.. New Orleans La, 
3 western rattlesnakes, 

Harbflugh. George, Safeway Ware¬ 
house, Washington, D. 0, 3 tarantu¬ 
las ami 2 cat-eyed snakes, which had 
come In on hunches of bananas, 
Hoffman, Irvin, Cabin John, Mi, 2 
Reeves's pheasants- 


Kent in, Charles H„ Rockville, Md-, 
Virginia deer. 

Lichtenecker, Dr. Karl, Washington, 
D. C„ collection of tropical flab and 
Aquarlnm plintd. 

MarEtu* Mrs, Roy M. p Wlftslon-Salem* 
N. G» ocelot 

McBride, W. W., Chevy Cbnee, Md„ 
klnkajon- 

Medley* Miss Washington* 

D r C.* mnrgaj £n£- 

MuddEmna 4 Buddy, Washington* D, 
collection of reptiles, 

Murphy. Robert, We&ttown* PA-, duck 
hawk. 

Xational Aquarinm Society* Washing- 
ton. D. C. p 2 bUck anEfclflnh. 

Operation 0t-spffeeze, Washington, 

D r G-* throngb Crndr, F, Dustin, black 
SWAB. 

Overton Park Zoo p Memphis, TenUp 2 
anhingas. 

Pohst On Jr-, Washington, D, Q , 2 
masked lovebirds. 

Fulmer, Miss Chevy Chase* Md„ 

macaque. 

Patuxent Research Refugee laurel, Mdr, 
through Dr. C. SL Herman, 8 pw- 
tridgefl. 
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Plfer, Ray F r Takomn Fart, M&+ col¬ 
lection of local snakes 

Pittman, Mlsa Irma F. p Washington, 
to. C-, Indian hill mynah. 

Foijo, Mrs. Esa B^ Berryvllle, Va^ © 
rinjg-ncoked pheasants, ehuk&r quail. 

Rivero* Juan, Maya^lttf, Cuba, 6 tree 
boas. 

Royal Zoological Society, Amsterdam, 
Holland, European stork. 

Sadler, Mrs, W. L p Monrovia, Liberia, 
golden cat (FcHt avrata) M and a 
Binall-dawed otter. 

Sand Lake National Wildlife Refuse* 
Gheron, S. Dak, r 0 bine gee^e. 

Schmid, Paul F, B^hesda, Ml, collec¬ 
tion of local ana tea. 

Shearer, Miss JulLa, Locust Dale, Va„ 
yellow-thighed calquo. 

Sfujinbaugh, Miss Doris, Washington, 
to. C<i white-breasted toucan. 

Sorensen, H. El Paso, Ter^ cock- 
atfel. 


Stewart Mrs. Elizabeth, Washliigtoii, 
t>. 0., Florida gal Houle, 

Sultan, W r Baltimore, Md,, collec¬ 
tion of tropical flsh Including the re¬ 
cently Imported Distiehodpt terfasci- 
otve r 

Tumor, Will Sam, Washington, D. 
marsh hawk. 

Wampler, CapL French, Alexandria, 
Va^ ringed urn ear l teucanct. 

Warner, Mrs. C\ F. P Washington, D. 0 , 
collection of reptiles. 

Welsh, Neal, Rockville Aid., collection 
of tropical fish- 

Wheeler, Mrs. T + E,, Chearn, Surrey, 
England, 40 grass parakeets, a su¬ 
perior English strain of birds, 

Xantcn, William R, Jr., Washington, 
to. C, collection of reptiles and a 
tarantula. 

Zoologlsk Have, Copenhagen, Denmark, 
2 European oyatoreatcher^ 2 niff 
shorebErda. 


exchanges 

The Zoo often obtains specimens of interest through exchanges with 
other zoos or with private individuals. Worthy of mention this year 
are a black-and-white casqued hombill, obtained from Dr. Lawrence 
Kilimm, Bethesdn, Md-; four roadrunnors, from the San Antonio Zoo, 
San Antonio, Tex.; Todds toucan, from WilliamH, Paul, Washing¬ 
ton, D. C.; a collection of Florida reptiles* from Lewis H. Babbitt, 
Petersham, Mass.; four peafowl from the San Diego Zoological So¬ 
ciety* San Diego* Calif*; and an albino black snake, from Allan G. 
Dillon* Arlington, Yft + 

PURCHASES 

Purchases of special interest not previously mentioned were as 
follows: 

An African elephant, about 2i/ 2 years old, named Nancy* The Zoo 
had lacked the African species since the death of Jumbina. 

A young Asiatic elephant, named Dixie, purchased as a companion 
for the young African elephant 

Seven hoopoes (pL 7)- These attractive European birds had not 
been in the collection before. They are now mating* and it is hoped 
some j oung birds can be raised, 

A male hippopotamus, purchased as a mate for the female bought 
last year, 

A hawk eagle, a rare species from Colombia. 
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Two jacsnag. 

Two oropendolas. 

One Cayenne kite. 

One blue toucan, 

Four giant tortoises. 
Two African, wild dogs. 


A young giant nnteater. 

Three red howler monkeys. 
Two pygmy cormorants. 

One blossom-headed parakeet. 
Two slaty-headed parakeets. 
25 golden frogs. 


Bams Ajro iTATCnracs 

One of the signs that an animal is doing well in captivity is its 
ability to reproduce its kind and, as the following list shows, the 
number of mammals, birds, and reptiles born in the National Zoologi¬ 
cal Tark during the year is gratifying: 


MANUALS 




Scientific name 

Pan taty ru#.., ——-■ ---- 

Carc^tlAcetu acthiops toGiwua- - 

Csrcapithecus n sgted as — - — — - 

Hylobaies agilis X H- lar piUaius.---- 

H vttibates tar_ —- —-------- — 

CtaJwpu4 diddrfyf y£„—- — —^ -- 

Cmomys Ivdvtrieiamis-* - - - — 

Phlotamys euminfiw-- --- — ~- 

Hyslrfe gaUata .. - ---- -- 

Dosypracla — 

Vtdpss futm . _— -- - 

Alilm palndinosus _ - - - - - — - --- -- 

Thfilaretox maritimus X UrsuS mtWcn- 

dflrff. 

UrtuS honribilis ..^— - --- ---- 

Fdis lea. . - - ------ 

£fyuui burctaftx haehmi-—^-- - - 

Lama ylama. 

Axts n&t„ — - - 

Cenms canadensis- .--------- 

Cemu elaphus. _ _ — 

Cmms nippan— - ------- — — - — - 

dama - ------- 

0r/fNr^7«« virfliniaTiuJ_. v ---- 

OflnzoiUus wirginia nvs costa nrtftnfl - - - - 
Qvraffa Camelopardalis .-------------- 

Bibvs patents — - - — --- — - ■—------ 

Angii dtpressicornis..^ ------- 

Uma^ - - — -- 

Tourufropu* oryx -- - - - - - - 

Capra hireus ..— - -- - 


Common name 

Chimpanzee. ----- 

Guenon _—- 

PeErazza's guenaa- -— 

Hybrid gibbon - -- - - 

VV hite-h:ttided gibbon,- - 

Two-toed sloths -- - 

Prairie dcs__ __ _• - 

Slender-tailed cloud rat..^ - 

African porcupi no. _ - - — 

Agouti..., —------— ---- 

Red fox. - .,---- - - 

Water civet* _ — --- --- 

Hybrid bear (second generation) - . 

Grizzly boar__ M ..._- -— -- 

Lion.---- - ----- 

Gr&fttfa zebra _ 

LEama_ - —— 

Asia deeJN,___. —---- - ---- 

American — 

Red deer.--- - 

Sika deer————- — 

Brown fallow deer-- - 

White fallow deer.. - ------- 

Virginia deer ------- - — 

Costa Rican deer — . .- 

Nubian giraffe - ,- ----- 

Gallic- —. — -—- 

Anofi------ .——-- — 

Aoudad or Rnrbary sheep - — - 

Eland-.,—- - - — 

Common goat_.....,,— — - - 


1 

1 

1 

1 

1 

1 

S 

] 

I 

S 

5 

1 

3 


2 

3 

1 

3 

2 
l 

1 

2 
2 
6 

4 

1 

2 

1 
1 

2 
} 
2 


Affapomis penmate.—' 

Anas plaiyrhtjneihos* --< 

Urania eonflfKWlS-— ■ 

Cftat+nn Ipr^uato..-- — 

Chrysalaphus piefur.,,—- 

Cvlumba livia - ---- 

Oennamts leucnmtlanu* - 

Lnrua rtOMcAoWondia*- - - - 
IfsbpafWncixs undutafui--- 


a I EDS 

Masked lovebird—-. 

, Mallard duck.-,,--- 

, Can flda goose.--- 

_ Crested screamer.- 

Golden pheasant..--- 

._ Pigeon-- _ 

. Nepal kateegc pheasant.- 

._ Stiver (pill———-——-- 

Grass parateefc--—----- 


1 

J2 

10 

1 

5 

2 
I 
3 
7 
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BIRDS——continued 

Scientific Kami Common name 

J/frttEa .Java sparrow, hi 

Nycticmax nyclicvrax hoactii - Black-crownednight heron 

T&tniopygia castandtii- _..._„ Stebra finch 

Tiffrisoma tintaivm .. Tiger bitternl"””^"" 


JVlfttl* 

tar 

. 15 
. 15 

. 10 
2 


UEFTtLUS 


Oknn'ifltlton tiufflCFsiaftit _ African chameleon 21 

Chdydm serpentina --- Snapping turtle.,. 6 

Chnpemy* piefa ---- Pain lad turtle_...._„ 1Q 

Ejneralt* anpuhfer--^ -——,._ Cuban tree boa._.__ 2 

LamjtroptUti Qetulu* ____King enafce.___ w , 2 

ftpeaofl.....—--.«- Water snake_.__ 2! 

P«uimu kn^iL„. Ked-Jined turtle_It 

Stotma Anfeasri---- BeK&y 1 * snake__ 45 

Tha total number of accessions for the year was 1,851. This in¬ 
cludes gifts, purchases, exchanges, deposits, births, and hatchings* 
fejpace is too limited to list here the numbers of ducks, chickens, and 
rabbits, usually given to children at Easter time, winch eventually 
find their way to the Zoo, or such pets os monkeys, parakeets, alli¬ 
gators, caimans, and guinea pigs. Many of the common local wild 
things are found by persons, often children, who, thinking the crea¬ 
tures need help, bring them to the Zoo. They include gray squirrels, 
cottontail rabbits, opossums, raccoons, foxes, woodchucks, blue jays, 
robins, sparrows, box turtles, and other less plentiful forms. Some 
are kept, some are exchanged, and some are liberated. 

STATUS OF THE COLLECTION 


Class 

Species or 
subspecies 

Individuals 

Mammals _ _ 

Btnds__„__,.... 

Reptiles,__ __ 

289 
aor 
165 1 
25 

6 

I 

595 

1,251 

854 

97 

149 

\W 

vml—.... _.... _ 

Arthropods ... . 

HoUuslcs. . . 

ToU)__ _ _ 

704 

3,157 



Animals on hand July I* 1956, . . ___ 9 n fi5 

Accessions during the year_ _ _ .1™”™” lj S51 

Total number of animals \n collection during the year_ _ 4 SI6 

Eemovab for various roasous such as death, exchanges, return" ofVnlvnaU ? 
on deposit, etc_-___ _ _ _____1 659 

In collection on June 30, 1557.. ...3,1&7 
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ANIMALS in THE COLLECTION ON JUNE 33, 1957 
MAMMALS 


MQSOTKEMATA 

Nun i- 

Scientific name Common name btr 

Tochyglossidae: 

TachyglOMu* oeuUoiut- _* Echidna, or spiny anteater.,, 2 

MARSOPIALIA 

DidelpMidaei 

CaluT^mjfi philander .. - -_- -—-- 

DidflphU iFrdrtupiofLS 
Plialangeridae: 

Fefauru* norfoltemiM _» 

TriehQsvrvs tmipteula ___.. - - 

Phase oiomy idae: 

fjQxiarh a nus Lntifrtms _ __—- 

Fojn&sfiur AiVtvtof- - - 

Macropodidsc: 

DendToltitjiLS t fl tutor. - -- - 

Hypsiprymnadon inatdkflttt- - —--- 

A/ofr-opiJfl gigantfaa — . — 

Macr&puA ™/tw— — - ---- - 

Pr q (e mnodan ay ilia - - - 

PratettifHKfon trailer..— — 


Woolly opossum— . —-.--- 

Opossum..-.. i 

Lessor flying phalanger.. - 3 

Vulpine o/pofiBflm—. ..- 1 

Hairy-nosed combat - - .-- 2 

Mainland wombat- __ 1 

Tree kangaroo. ---- —-- I 

Eat kangaroo,™— 6 

Gray kangaroo. . 2 

Red kangaroo.,. .. 

Wallaby-_— -—.----.— - 

Swamp wallaby _ — I 


PRIMATES 


Lorhldae: 

Gciayv cras*icaxidal u*. .-—- - 

Gala go Menegalentiv -- 

Ny&mbv* onuang—--* 

Lemurid&e: 

Lemur mongo*....—------ 

Cobidae: 

Actus tripirgatu *-—-- 

A teles f useUepn rata alia..,- r --^ — 
A ielts geeffrayi geoffreyi or grt sevens, 

Alttes geoffrvyi veHerotiu^ -— - 

Cacajao mNoundiu— ------ 

Cotaj oapuanvc——- -- 

Laqalhrte ffHtmaea— --- 

Saimiri seiurtu*. --— - 

CAIlithricidae: 

CdJJtlArii Hp—. - ---- 

Ctbuella pT/gmfl£a.._^--.— 

Leftntocthut rCiOlui---- 

Marikina nigrictilli*---- ----- 

Gercopitheddae: ^ . 

A lltn&p ithecu* niffrtmftM-— - - - 

CcraicebuA a (bigttna — - - - - - ------ 

Cercocebtw uteminm. - --------- - -- 

Cercoeebus aterrimus apdtnboschi >-- ~ 

CtrcatshuS ch rjyrogas ter m ....- “■ 

C* rcoc^buJ ftihpxn&*U$ 

CerecetbuM gatmtus agilfa ---------- 

CrrtewbiM (onjtMlu#-——————— 

Cercopilhecu* aelhiop* --- - 

OrropiiAcru* atihiop* sahacus X G* a. 

pp0*r^Attfr._____ 

CtTGopitheeu» ecphw!- ____ - — - 

Cercopithezui dm no——------— 

CercQpilhtcu* diana rclow^u -—— 


Galago.-.,-----—-- 

African galago— . 

Slow loris—.--- 

MongoOi lemur-_.....- ^ 

Night monkey--^--------- 

Colombian black spider monkey.. 

Spider monkey^-.---— 

Spider monkey———.- 

Red uakari-^—-- --, 

‘Brown capuchin monkey. 
WhUe-tliroated capuchin monkey^ 

Capuchin monkey__—-- 

Woolly monkey.----^ 

Squirrel monkey---- 

Rad-mantled marmoset-- 

Pigmy marmoeet__—- 

Golden marmoaet.^--,__ 

Black and red marmoset-,__— 

Allou r a monkey-.--^-^---^-- 

Gray-cheeked mangabey 

Black-crested mangabey-^-w- 

Crested mangsbey- 

GoMen-bellied mangabey- 

Sooty mangabey,..— 

Aiple mangabey„ ---- 

Eod^rowned maagabey^--- 

Green guenon,-..- 

Hybrid, gmn guenon X vervat 

"guenon,-—--- 

Mustached monkey—^- 

Diana monkey------------ 

Roioway monkey.---- 


4 

2 

3 

2 

A 

1 

3 

2 

1 

15 

2 

4 

4 

1 

1 

1 

a 

i 

4 

1 

1 

4 

1 

2 

5 

2 

3 

3 

1 
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M A M MATS—Continued 


friblates— continued 


Scientific name 
Ccrcopithecidae—C ob tinned 

CkncGpiYA^euT _, 

Cercvpitkecua mettian* ... 

Ctreopithecm nicliltim petatirista^ _ _ _ 

C^rcopi'jAecwa prvuut_____ _ _ 

Macata ims m&rda# ____ 

Maeaca tetioiL^ _— _„„„ 

M&caea maurti *___________ 

Macaca mulatto ___ 

Mocata nemcMrina ____ 

Mocaca philippimnxi*. _ _ . ___ 

Mataca tinirt. _____ 

Mticaca tpedina ___ ______ 

Macaco jyfrgnut—__ 

Mandrillaa jtpAmx____ 

Pa p iff COJTWf^S-_____ 

Pa pio cyitQ&phahi* ___ 

Papio hamadryas__^__^ _ _____ 

Freebytte phayrti„ ___„ 

7%trt>pUhmtt p* Jotfa„___ 

Fcmgidae: 

Gorilla gorilla _ _ _____ 

HyloboieS Oftlit X IP for pilenfm _ 

//yEobo/e^ hootack _ ,___ 

ifillobata iar ______ 

Hylobaita __ 

Pan iraiyrua ___ .______. _ 

fVmflff pygmae-ua mtein_,__ 

Pffrt^u pygmatw pygmamt* _*,__ 


Common name her 


De Brftz*a r s guenon..™ 

White-nosed guenon „ _ „. 

Lesser white-nosed guenon____ 

Freussfs guencm_____„__ 

Javan macaquo_____,_ 

Chinese macaque.__ „____ _ 

Moor macaque.,._. 

Rhesus moo key _ *_ 

Pig-tailed monkey___ ..... 

Philippine macaque_..___ 

Toque or bonnet monkey. 

Rea-faced macaque,_ 

Barbary ape*. *_.*__ 

Mandrill...... 

Ghacma b»bqon^__.______ 

Golden baboon™,___ _ 

Hamadryad baboon, ™,__ 

Spectacled langur.,™_,,_ 

GeSada baboon__ 


a 

i 

i 

i 

i 

1 

2 
5 
1 

1 

2 

1 
9 

2 

1 

2 
1 
1 
I 


Gorilla__ 2 

Hybrid gibbon._*___ I 

Hooloek--- 1 

White-handed gibbon-**_ *__* fi 

Wau-waii gibbon_ I 

Chimpanzee__ 12 

Bornean orangutan _* *_ 1 

Sumatran orangutan,... 2 


Myi-mecophflgidae: 

Myrmteaphaga tridactylQ 
Bmdypodidae: 

Choloepu* didacl\j!\it _,_ 

Daaypodidae: 

Dasypus aotfcmcmcfii*_ 


EDENTATA 

- G iant anteater__ 

- Twd-toed sloth,.___. 

---* Nine-bonded armadillo. 


2 

5 

1 


LAQOMOHPHA 

Leporidae: 

Ontdologw cunicutus„-, .. Domestic rabbit—... 12 

Sylntogw fimdanut _ .—__™__ Cottontail rabbit.*,2 


ROBENTIA 

Bciuridae: 

CalieitLivrvt mqrvviUatut --- Southern Asiatic squirrel. 

Lyrutmutludovieianu* . Tmirie riog-. 

Glnuamyt wfarn rolam... . Eastern flyi «g aquiml'" I 

Marmota monax .. Gro undW „__ 

ftatufn wd|M —*-, Giant Indian sqefrraL_ 

Sciuru* wtohnenx -- Gray squirrel, albino. _ 

5^™ --_ Fox aquirrel _ _ 

SnvruM mntgatua^ -- Afeidcau red-be]Ued aquIrreL 

Cr^elfdafl—.. Eastern chipmunk p albino__ 

M^ocrwlus imratue _„„ _ Ilamster. 

Muridao: 

jtfffjTij/f coAirfnui-—-- Egyptian spEny mouse_ 

Vncetomifi gambianua --- Giant pouched rat__„_ 

Sft™ unffuieulalm —.-... Mongolian gerbil.-.. 

Phlotomy s cumtn^L_ .. Slender tailed cloud rat__. 


S 

25 

5 

1 

1 

1 

I 

1 

1 

S 

15 

4 

2 

5 


















































































SECRETARY'S REPORT 


133 


M AM M ALS— Continued 
rode ntia —continued 


Scientific nam 

Ghridao: 

Graph turn* murimu- ___- _ 

Hyatricidae: 

Aawthicm brathfjum --- 

Hystrix qakata-* _ _ 

Erethizontidac: 

CVndflti j)rehcn&ih3 --- 

Caviidne: 

€avia pcrcdlue^ ------- _ — 

Hydro c hoert d*e: 

Hydrathocru* hydrochceri --- 

Daaypraetidae: 

Cumtidlii pflCfl_ ___ - 

Duty pre^fl pu ndata - ------ — -- 

Chinchillidne; 

Chinehilia chinchilla - . — 

Lagidium ^ - - ---- 

Capromyidae: 

xlij/otattor eoyfu*--- 


Cemsn&n name 

Dormouse™, _ 

Malay porcupine ...* 

African porcupine _ 

PrehenslIe-taUGd porcupine 

G ti Inca-pig_ , ^ - 

Capybara - ........ 

Poca_ 

Speckled agouti- 

Chinchilla --- 

Feruvian viacaccLa. _... 

Coypu-_ 


CARNIVORA 


Gauldae; 

Ccmts tmtQTc£icu& — 

Cants fwpi(3 nufttfvs_- — - - 

Canie n ifftfr rufux - . .-- 

Ctrdocyon fAmd-- _— --—- - 

F*jirt*i?tra zerda-,--- — ..— 

Lycoon piriin__- — r - - ---«-,-- 

Nydenute* proqfanoidtt,..- - 

Qtecyo n mcpniloj p'a . . . - - . ------- 

SvcolhfH cena£icue m .„ ------ 

Urocyon cincreoarQenlem ^._--—--- 

Ftrfpej fukt l-- -— --- ----- 

Ursidae: 

EuotcIom amcricanuc. . 

Hdarciat mafoyalW* - ----- -- 

Settnarctae Ih itatamis. — ------- 

ScUnarctas thiMan us japmteus - - 

Sdenardcs t&ibtlZTiUX lururitM- - -^- 

TAn to-rctas maritimm - * - - - - ■ - ---- 

Thaltirciox marititmai X t/nui mi«- 
dcndorjfi. 

Trtmarclo* omalue ------- 

C/raus sp -- 

Ur*u& arctat-.--- — 

Ur* K 4 amlo* accidentals - - - 

Ursu3 ayue - - 

Urtua Wrifrifia._ _ -- - - - -- 

l/rfluj middtndorjfi- - -- - - 

Ureva ffiWfeffftsis-----, ----- 

Procyonidae: 

A tftf rua fttlytm , - - - —- - 

liatvaricyon yahbi- — ------------- 

fiattarixeux <£iftrfuf - — - - —■- 

Natw mirica.,,.---- — -— --- 

iVartifl TKwriia....,, - - — ----- 

JfueiH------- - 

Procyon lota r_^-.-_. — — — -■*- 

Mustelidao: 

Lutra cinerta m „-^< - — 

AfepJiiita mepkibX.- -——---- 
Mi uste la ffl*rt*uMUri- ^ ^ - - - - . — 


Din (jo™,__ 

Tiinbor ftolf__,_ - 

Red nolf----^--..,--- 
South American f ok.--. 

Fenncc fox _*._ ----- 

African hiiEiting dog. _ _ 
Raccoon dog-----..-.. 

Rig-eared fttt—__... 

Buali dog _ __ 

Gray fox _ 

if Red -- 

\Platinum 


Black bcar_.-^___... 

Malay sun bear.----_ 

niitialayan bear.,-- 

Japanese black boar- 

Korean bear.,.. 

Polar -- 

Hybrid boar-- 

Spectacled bear-- 

Alaskan brown bear-- 

European brawn bear..-.- 

Syrian brown bear__~. 

Alaskan Peninsula bear. - -. 

Gristly hoar...-.-,---. 

Kodiak bear--._....- 

Sitka brown bear— 

Lesser panda-- 

OJingo. ---- 

Ringtail, or eaeomlaHe_ 

Coat Lfiuj ndi .. ---, 

Rod coatimundi.. 

KmkajtMl--— -- — 

Emcomu—--—-— 

African clawed otter_------ 

Common skunk.--- 

Forret p albino--.---------- 


iVu HI 1 

her 


l 

I 

6 

l 

16 

3 

4 

7 

9 

I 

if 


1 
4 
1 
1 

2 
2 
6 
4 
2 
$ 

13 

3 

2 

3 
2 
1 
2 
1 

4 

1 

1 

4 

2 

2 

2 

1 

2 

2 

1 

J 

1 

2 

3 

13 

1 

1 

1 
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MAMMALS—Continued 


C AENIVORA—con tlB U $d 


Scientific name 
Mnstclidae— Continued 

/ffnaifl____ 

Pitronura __ 

SpiloQnlr phtrUxt __ t _ 

Taxiaca tons. . _ r „ 

Tavra barlmra_ 

Cryptoproct idae t 

Crypto p roda /*™_ _ _ ~ . .._ 

ViYemdw 

Ardiclis biniurony ____ 

A it tax pahtdino&us _ _ ,_ 

(ifneitd $tnelia m __ 

Okfi«Ha ffnfi/d 7rauffuimL_.__ 

Herpestss ichneumon. _ _ __ 

/ch ncumiti titbit a ado „ _ _ ., 

Faguma larcato iaisana ..__ 

Vivcrra tangaiungo ,__ 

Hyaenldne: 

Crnnda crfltrtfa permitton*._ 

Hyasna hyaena ______ 

Felidae: 

A dnonyx jubata ._ 

Feiis thaus r „ ____ _ 

Pel is GQn&rlor. _..._ 

Fdis Iso. ...__..._ w _ _,_ __ 

Fflie ansa _..._ ._., 

FeUs pQjtraa . . „. _._. 

Ftiis purdah* _ _ __ 

Fdis pardn&^_ ____ 

FtUt wrmL . __ 

Fdis sylvcstris.^ __ __ 

Fefr* itfrCno.-, ...... 

FdU tiyris _ __ _ 

Frit* ttntia _ „_. 

Lynx cunadensit.^ ___ 

Lyjtt ru/ua.. ....__ _..__ 


A T tim- 

CipFfim&n name btr 


Weasel_____.__ l 

South American flat-tailed otter.~ 1 

Calif ornia spotted skunk_3 

American badger._.. 1 

... T&yr*__.__i 

- Fossa..... 1 

Binturcmg __1 

Water civet..___3 

_ Genet___._....^_,,_,„,^„_2 

.., Genet,....,. 2 

__ African civet.__,_ ... 2 

... White-tailed civet.,_...... 2 

Forfnofiati masked civet__ 1 

. .. Ground civet*..__ r , I 

Spotted hyena.__..._ 2 

_ Striped hyena._„_.._2 

Cheetah........_........_ 2 

... Jungle cat.._____2 

F pp** _ n -_ -._. T ___ L _ 4 

... Lion--...._...—_ 9 

.._ JfMpinr._____...._ 3 

_„ Pampas cat___ I 

Ocelot__ 2 

{ African leopard. _ . .3 
Black l&ppstfd — 2 

_ Serval cat..... __—_ l 

... African wildcat_ __ 2 

- Marfinycftt-- ........ 2 

... Bengal tiger_ ......_ ... 3 

_ Snow leopard,.._2 

... Lynx- - 1 

Bobcat_2 


FlKNLPEblA 

Otariidae* 

Gloria fiavzsetns-- . . . Patagonian se4Mion..,__..... 2 

Zafophus tatifomiunus— _...... _,. Sca-Iion....... 2 

Fhocidae: 

Phaca pilwWno__.__.^_„ __ Harbor seal . ... 2 


Grvd*ropodidae: 
OrycU rapwr qfrr _ 


tubulidentata 

...._ Antbear^ or aardvark 


Elcphaniidac: 
Eltphas maximus. . 
Lozodonta africana 


pROBOSCrDEA 

Indian elopliant^ . .. 

_. African elephant.__ 


l 


3 

1 


Iknildae: 

Equut mm* ... 

Equus burcheUi aniiquoram 
Equm burcheUi 

Equus Bret r^.___ 

Equits lliiiff.. 

Equw prsewalskii _ 


FERISSORACTTLA 

....... Burro, or dookey... 

__ Chapman h s eebra. T _.__ 

..._ Grant's tebra.....___ 

___- Gravy's zebra___....... 

- - Asiatic wild ftwsr, or kiang.._ 

_ Mongolian wild horae_-__ 


1 

1 

4 

3 

l 

I 
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M AM M ALS—Continued 
pe Ri ssod a err la— con tinned 

Scitniific 7inm*. Commgi% name 


Tapiridac: 

Aeracodia ___ 

Tapims u rrestris _^ ._ _ _. 

Rliljjocerolidae: 

Ceralotherium a'ihiiia.. _ _ 

Dicitos bicomie _ _ _ 

RAinveertis trn__ 


Indian tapir.,, 
RraiitiitEi tapir. 


Num¬ 

ber 

1 

I 


.__ White or square-mouth rhinoc¬ 
eros_ ____ 

. African rhhsoce™ __ 

.__ Great Indian one-framed rhinoc¬ 
eros.,, _ ____ _ __ 

A RTJ ODA CT YLt,i 

Suidao: 

flero/o—— — European wild boar...__ 

T&TOSSliMaez 

npan k\(«u . .. CnOflfed pcccsn. 

H ippopgt ft] 11 U lae: 

Cfceerepfffsr liberiensis. ..... _ Pvpny hippopotamus 

Hippopotamus tmpfebiut^ _Hippopotamus t« 

Camelidiie: 

Ourtffm kcin'anu#_ ___ Bactrian eamet_„., T __ 

Camdut dromedaries^ ... Single-humped: "ca'mnlY _L_ Y~ 

Lama p£ama„ _ ___ _ 

Lama glama guanicoe- __ _ Cluanaco_ ____ Y Y! 

jLw _ ......... Alpaca.____ 

Cervfd&e: 

Arts .. Axis deer____... 

Centus caitodenata^^ _ ...._ AmeficaLfi elk, _ __ __ % 

Cetrus _ _ „ r Reel deer_ Y ’ 

Centos nippon __ _ _ _ BLka d eer_YYYY Y YY Y Y * 

Crrria Jtippoii mantherices _^ Dybowekps deer' _ Y Y. Ill Y_ 

Dama darna . . . . fSffJ“ f fi |? ow j h “ .-- 

XWhite fallow deer,^-*,_^ .. 

Elaph urm damdianus _ ___ F&re I>avjd deer_ 

Hearopoies inetmu ..... _ Chinese water deer.Y-YYYYI 

Inuniiotus munijat^ _ L _ Rj b-fnesd deer ._ _ . _ ^ 

Odocailem virginianus _Virginia d eer,YYYY Y Y_ . Y Y 

Qdoroxleus uxrgimanus coEtariceneis^^ Costa Rican deer,^_ _ _ * 

GirafEdao: 

draff a eamfbparddlit^. __ Nubian giraffe._ __ 

Okapi a johnstoni— _ __ GkapL __ _ _ _ _ 

Aatiloeapridae; 

An/iiheopra amend* na..__... _ Frongtiorti antelopc._ _ 

Bovidae: 

A ffi moIruguS _ ......... _ _ 

Anna depfflticvrntf- ____-- Anoa__~,_ ____„_...*„Y 

Bib be gaerus-^~~ _,_ ___ Gaur.___ ___ __ _ _ 

Bison 6«on - ----... r _ American bison.., ... . 

Spsoji -- - - European bison* or wisent_ 

Bits indices ___ Zebu._ _____ 

«■< •>«•- . {8MSK£ffi5!:. 

Capra aegagres anitfliii—... Cretan AgriEri goat, ____ 

Capra Aircm Domestic goat, _ ____ 

CepfmJoph uj niqnfrem _ - —Biack-frouted duiker. _ 

Qvis .. . . Mcnlflon__^_..^____ 

Boephagus ffwiinimi-.-,.,__ Yak__..,. — ... 

nayaur _Biue sheep _____ _ 

Saiga fatonca_ ....___ Saiga antelope,._. _ 

Svnririfj £?o^fr_ ____ African bufffl]o__. _„ 

loureiraffuj Eland..., --— , — 


4 

4 

2 

5 

« 

4 


5 

2 

10 

2 

10 

17 

2 

3 

1 

17 

3 

4 

2 


H 

3 

4 
8 
2 
2 

4 

1 

5 
1 

2 

2 

5 

1 

1 

2 

2 


SS-10 
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BIRDS 

STRfTHlONI FORMES 

Num- 

$cicfiiijiQ name. Common J iam$ btf 

Struthionidae: 

^irtdAio Gstricb-^-^.-__ 1 


Rheidae: 

ffAffl awiwteattfl. 


RHEI FORMES 
_ Rhea_ 


2 


CASt ?ami formes 

Gasuariidae: 

Casuvriui u 7 Lappendiculatu$ umjk One^WAttled ca* 30 WATy 
pendiculatm. 

Bromieeiidae: 

DrfrfttfcrflU novaehoUandiac „ _ _ _ %mn .... 


Tinaraldaer 
TVraimua major. 


TINAMIFOEMES 

_- - Cheatmit-headed ti namou 


I 

5 


l 


Sph-QatMidae: 

Aptenodyte* vataponicti, 
PyttotceiU add iac _ _ _ _ _ 


fipAsniseut hnmb&MU- 


SPHENteCI FORMES 
. King penguin„_„_ 

.....__ Adaiiepenguii 1 ------ 

. _ ^ . H umbo] dl/s penguin . 


4 

1 

2 


PELICANI FORMES 

Fclccanidae: 

Pelccanm trylhrarhijnchiut . WTiite pclbaB__„,___ 7 

Pehtanm acddcnlali* occidentalismsm Ercwn pelican___ 2 

Petecanus (mucrotaltis _ Rose-colored pelieon_ 2 

PbaiaerocoracidAO: 

PAAlocrocffiFfli oar lifts oEto«7icitw__*^ Fandlon cormorant. _„ I 


CICONII FORMES 


Ardeidae: 

Florida ctwruJefl__ w -___ 

LffucopAo^ iAuIo _ ______ _ „ „ 

AfafrfAo^r iwffaffcollandzae- 
tfyctWrtiX fttfClieOrar hoacdi __ 

Tipmema lineatum . ... 

Baiaenicipitidae: 

Bataenici'jn re?-,,-...- - 

Cochieariidae: 

OKAfcartu# __ 

dconhdae: 

Dissouro episcapus ... 

Lcptopt iliri era meniferus _ ___ 

Lff pf epirlus jamniew — .- 

Threakiornithidas: 

Ajaia _ - - - - 

Eudocimus oi5o. . . . 

Eudccimut ntber-m _ ...__ 

Myctiria americana -- - - -- 

Tweik tor nit mcla noctphala _ __ __ 

Phoenicia jtcridae: 

PAofiueflpieruJ aniiquorum^ 

FAswrctcopicruj chileiui* _ ..__». 

Phoenicoptemc ruter.. .__ _ w 


Blue heron__ 2 

Snowy egret ... 2 

White-faced heron__ _ 1 

Black-crowned night he ron ^ _ __ _ _ 24 

Tiger bittern___4 

ShrabUL, __ _ 1 

Boat-billed hea^on-.- . 3 

Woolly-necked stork_„ . „ „ ■ 1 

Marabou fitork. .. I 

Leaser adjutant.__ ,, 2 

Roseate ppoonbilL.. .. 2 

White ibia_.... _ 4 

Scarlet lbfa _ __ 2 

Wood ibis. _ I 

Binek-headed ibis__ I 

Old World flamingo™. . t 

Chilean flamingo _ 2 

Cuban flamingo... I 
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BIRDS—Continued 
ANSERIFQRMEB 


SdtMijU name 

AnUmidae: 

Chauna tarqu afo_ _-***** 

Anatidue: 

Aix tpaiurti--— - 

i)^v» X AyfAya anurtama- 

Anae acuta--——------„-- 

Aug* ducora_ —- 

Anae plalyrhynchot -— ***** 

Anna plafjfrfoirncAoa X A, aciita - 

Altai ptafyrAyndftoa X Ar p r dflirtM- 

tl«L 

Ana* ptaiyrhynehae domtitica--^ - 

Ana* patcilarhyncha...^^ -- 

A raai niWw-. .— ------ ----- 

Amef -— — - 

Aitistr nnter doineeiicus -— . 

Anaeranut tcmipalmoia^ —-~ - 

AyiJiyd Americana—_ 

Aythya vaiiei Atria -- - —— 

Urania canad*nm>_-- ,*----_- 

Brunla canndtnti* canadttt&is X 
Chen eaeruli&ctn*. _ 

Branta camdtnm minima.. - ,._ 

Bran Ja caftailftitttf HtftbntaUa- 

Catnna triftuftaJa-- 

Certaptie nmaehailandiae - -- -- -- -- - 

Cfien aitaniies..-—---— 

Chen caeriiltietnt-_ _ _,__ 

Chtn hyperborta^ — — 

Chtn ram- ... _ _ _—- 

Cfctiap& airata_ __ __—- 

Chloephaya kuwptera -------— 

Cy pm *s coluTTibian ue_ --------- 

Cyynut cyffnut --,----« 

Dcndrocygna atAumnaUt. .. —,- 

Dt n^viuiu pal&rieuiata^ - _ . - — 

Eulabtia indita. _— 

Martca d merxcana__- - - 

Ntlia ntfina _-— - — 

Nfrffi affim*. _---_ _---_-_- 

PhUacle tanagiea _ . - -- — 

Pittlrtrpttrxia pa mfciuit- - - - 

Sarkidiamis melantfa ,-, - - - - 

Somnieria moUistimu _----_ — 

Tadorns fad*?rna-- - - - — - 


tfuilft- 

Comjrwn name &*r 

Created gcreamcr,_*. 4 

Wood duet-----_ ------- _ 9 

Hybrid, wood duck X red-beaded 2 
duck. 

Pintail duck. - __ 4 

Blue-winced teat - - 1 

Mallard dude, 37 

Rouen duck --— 8 

White mallard duck,. -1 

Hybrid, mallard duck X Amerf- 1 
can pintail duck. 

Hybrid, mallard X Peking duck.- £0 

Peking duck.-------„- -^---- 102 

Indian spotted-bill duck-_ i 

Black duck— T - -- 1 

White-fronted Eoo&e- - 3 

Domestic Chinese goose. 7 

Australian pied goose-____ _ 1 

Red-beaded duck,.,—---.- 4 

G&nvasback dock—. _ -** 

Canada goose.---_ — - - 40 

Hybrid, Canada goose X blue 2 

goose. 

Cackling goose------- 13 

While-cheeked goose.---._ 27 

Muscovy duck -7 

Cape Barren goose_ _ _— 1 

Snow goose—*-..-- - -- 

Blue goose_ -- 0 

Lesser snow goose--- - - 2 

Reel's goose. - - 4 

Black awan_-— ------------- 4 

Upland goo£&_ — -- 

\\ tiistling swan ___ 

Whooper swan-._ 2 

Black-bellied tree duck-.. _ - _- - 3Q 

Mandarin duck- -—- 2 

1 ndian bar-head&d goose. - - - - - 3 

Baldpate__- - ------- - --- l 

Red-crested pochard.----. 

I^mrieAnp---**-----^ -- i 

Emperor goo»„,, - - 2 

Spxir-wiuged goose- - -- - 

Comb duck -— — - 

Eider duck---— - - - - 

European shell duck - - 1 


FALCONlFORHES 


Cathartidnc: 

CfUhartee nyra,.-.----- 

Ccrfljypa -.- 

Oypt rueppetli- __ 

PstudAgyp* africanut _ 

^ar^rampAuj papa - 

S&giEtarijdnc: 

Saqittariv* ttrpenlariv*- 


Turkey vulture _— 

Black vulture .— ■ 

RiEppcira vulture__ 

White-backed vulture. 
King vulture-*__ 


See rctajry bird. 


4 

6 

2 

1 

1 

2 
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BIRES—Continued 
p AirCON i for wus—continued 


Scientific name 
Accipitri<1fl&: 

Buiea jamaiotwa -————- 

Bvtoo ftwfisi--..--—-------- 

Butea poecilochrous -—^--^--------. 

flvtea ---- 

Haliaeeiue leucoccphalus _ —— 

Flaliaeetw ^ 

Haliaitur indv$. - 

Ilarpia harpyja. --- -- 

Leptodon . 

M t 7 vd go chim& ----- 

jVfttous n^rani parasUw- ------- 

A/j)rpku^ AHOIHIII^.------- 

Pandian haliativ# earotattJWtt.- 

FilhecOphag u* jtffaryL _-- 

SpizutitiB amatus -■ . .---- 

Falconidflc: 

Fait# m&tean ut---—- —- 

Faka pmgnntt* ortofum--—.--- 

Fafco iflwrwi riu* — ----— — 

Potyhoni* ptoncaa 




Common name &rr 

Red-tailed hawk...... _ 6 

Red-shouldered hawk __ I 

Buntard eagle....- ——----- 1 

Swainscot hawk _ I 

Bald eagl*—- .- 5 

White-breaated sea eagle _ ^- 1 

Erahminy kite __......... 1 

Harpy Mjjfl..---.-.-.. 

Cayenne kite--._-_ 

Chimango__ _..... 1 

Afric an yellow-billed kite_ 2 

Guianan created eagle... . . -- 1 

Osprey,_ _ S 

Monkey-eating eagle- -- - 1 

Mandint’e b&TO*eag|e._.. ...... 1 

Prairie faleoiu——----- — 

Duck hawk-_ _ —. . . 1 

Sparrow hawk__ __ 6 

South American caraeara_* 3 


GALL! FORMES 


Megapodiidae; 

Akdura taihami --- 

Oracidao: 

Ctqz alberti- ...-*- -™ - 

Crax ptofodmi----——- - - 

Crtitx jfonfljnflww---------- 

Pliassanldae: 

AU#iomi$ grate a.---- - -— 

Arpusianut argil*---- -- 

Chrytalaphys amheraiiat - 

Chrytalophw! pictu*- -- 

Calinui virginiamu --- 

CtMGfpUkm ovrikH--- 


Gnllit* gatlu* 


Gsnnaeue kucamelanne _ 

Hierophasu twinkaii -- -— 

Lophortyt eaHfvmieQ potUtok------- 

Lvphmtyz gambelii -- - - — 

Pava cfffftrfui-__. - - - — 

Perdix jvtdix ——------- 

Phasianv f rafcAiciri loripiat u a -, _ - _ 

SjrrmtiitciM mpcsi.-. —— — — 

Kumididae; 

jY-tintida msiaaflnt—- --— — 

Melesgrididac: 

MeUafru gailapava -- - 


Brush turkey. 

Bhic-eered curassow 
Wattled c urasaow _ ^ 
Panama ourasaow. _ 


Cbuknr quail 
Argils pheasant 


i pheasanl 
Amherst 


pheasant. 


Lady 

Golden pheasant, 

jEobwhil* quail-- 

\Red bobwhite quaD___ 

B!ue-eared pheasant ^._ 

'Red jungle fowl-„- 

Long-tailed fotrl..___........ 

Fighting fowL___ 

Bantam chicken..........-- 

Silky bantam. -.--- 

Silver-apangled Hamburg fowl... 

Nepal pheasant___ 

Swinhoe h E pheasant-._...... 

California valley quail-_ 

Gambel p B quail--.--- 

Peafowl_____ 

Hungarian partridge. --- 

/Ring-necked pbuuilt......__ 

|White ring-necked pheaeant__ 

R»ves p a 


White guinea fowl. 
Domestic turkey_. 


GBTTIFORMKS 

Gruidae: 

Aidhrapoidti irirno__ _...._ Demoiselle crane. - 

Bakarita paranina ___West African crowned crane. .... 

PUjhariru rtgulontm ffibberi&pt. ^ _ w , Eaat African crowned craae__*_.. 


1 

2 

2 

1 

5 

1 

3 

8 

3 

1 

1 

3 

2 
2 
7 
1 
1 

3 
I 

1 
1 
7 

4 
7 

2 
2 

1 

1 


1 

l 

1 
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BIRDS—Continued 
g RE IFOR MES“COD tinu&d 


Scientific Twmt 
Gruid&e —Co □ Unued 

GniJ- amadenai*- . . ....- 

Gm* ImtEogtramn ---- 

FBOphiMaO! 

Piophia vreptia —.— - 

Rail [date: 

Fulicti amtricana - --- - 

Gallinula chloropue cachti&uuw - - - 

lo-tara/fris leww^vmrAiu.— — --- — 

Porphyria poHoccphalut -. - - 

Fi-i fua limttola liimwia-,-. — - 
EiarpygJdH! 

Eumpyga helio *—- ------- 

Cari&midae: 

er&tolb-- - - ---——■ — 

Otididae: 

ChiuTtiydtftis unduldttl ttiQCquccni 


Common name 

Florida g&ndliiil crane_ 

Siberian crane...,.--- 

Gray-backed trumpeter..... 

American coot- -------- 

Florida pllinuk.,.,,--- 

Black-and-white crake 
South Pacific swamp hen., 
Virginia rail_....__ 

Sun bittern.^....^ 

CariaTDa p or soriana a-.- 

MacQueca'a bustard_.- 


CHARAPRUFORMES 


Jacacudac: 

/fleano flpirtoJa A^OJndacnU--—- 

Recurvirofitridstc: 

HiFrtfiTttopiw mcxic&itux,^ ------- — 

Eurhinidae: 

Euriima hiztriaius --„-■ .* 

H sie matopodidae; 

Hacmti top\i$ dlMpu,-- -- 

Charadriidae: 

Reionopferur --.. 

CAjancaniu wa/eru#_-- __ 

Phifomachus _ ... - 

Store orariidne: 

Cathara&a maocormicki- - ——- — 

L&ridac: 

Larcsteraa i'flea -- — - 

krui serially__— —--- — 

km *- 

term dominitanm ... - .-- - 

Larti-X nQKvehallandia& ...-._, --- 


Black ja$ana_ . 

Black-necked atilt— . - 

South American thlcfc-fcn&o. 

Oyatcrcatcher. . ..—- - 

South American lapsing. . 

Kilideer. 

Ruff--.,---——-- 

MacCormjek'ri skua_... 

Inca - 

Laughing piIL— ™— — 

Rmg-bitled guU- -— - - - - 

Kelp gull......—- —■ --- 

Silver gull.. .. - 


CDIjUMBIFORMES 


Pleroclidne: 

PttTodm erienldfft ------- — —- 

Columbidae: 

Cohimba Uuia. - ------ ------- 

Colu wifca mgrimfrU— ——- «- 

Gatlicolumba lusanica - ----— ---- 

Ge&prlia - --- - 

Gowa victoria- ... - —— - 

Strepiopelia d*eaoct&-~-- - -- - 

Strtptopdia fran^iu^arica - ..-- 

Zenaidu tuiaiica.. - .- -- - 

^enoiditra macraura _ . _ . - . -■ - 


Sand grouse. ...- 

Horning pigeon.^.,...— 
Blackfilled pigeon...... 

Bleeding-heart dove- 

Diamond dove,___ 

Crowned pigeon... 

King-necked dove.. . —_ 

Blue-headed ring dove- 

White-winged dove..---- 
Moumlng dove...—...... 


Prittaeidae: 

A flap^nu* fi#cheH - .. -— 

d^aporiiia jwrstmaJa - .- 

Agapomi* r axtieoUis -- 

iiTia^mi _ ----- 

AirMtona auropaUiota,_ __ 

dwaropifl finteki -- 


PS 1 TTACI FORMES 

Y«0ow-Oollttred lovebird. _ . 

___ Masked lovebird. _ 

....... Roey-faeed lovebird. .- 

- Biue-fronted parrot...- 

YeHow-naped parrot-.---- 
_..„ w Finsch^a parrot.._ 


Num-r 

6cr 


1 

I 

1 

1 

3 

1 

l 

1 

2 
1 

1 


1 
1 

2 

4 

2 

l 

I 

£ 

5 

1 

2 
- 

12 


1 

B 

1 

5 
g 
2 

32 

2 

2 

6 


1 

7 

I 

1 

2 
3 
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BIRDS—Cout inued 

PSITT ACIFO rmes— continued 


Scientific name 
Paittacidae 1 — Continued 

Amasaua tetrcocepWa,,-.,-- 

Aynawna tehrottphnla -- 

A mo zona oratri* _— — ---. - . 

AnedorA^ncAu* hyaeinlhinu& wr r-~^ — 

Am amraunn *-----—-— 

Ara Ghiprvpitra --——-... 

At a iTiacao--.,-.--- 

A rating *i «mir u Jari#_..- 

A rahthja prnfi'n&i„- 

BmtQgeris jugularu _............ 

CaihraepAatart fi mfen'aiu.... _ 

Calwiorkgnchut iflflfnijteu*___-..— 

Domi&Ha #armla^ _........... 

Ecltelu* iMtoraffo----- 

Kakatot af&«.-_- ... 

Kakatoe ducropt-^^ _ 

Kakatoc nalerita -- 

A r a JraJtfff fearftcafe ri.. . _ _ _ -- -— 

KnkatM motuccontis— _____ 

Kakatoe ni^uiwu-—-- 

A feloptiUtiCHi undulaim _- 

NttUrr rsciafotlia_— .,_. 

Nyrupfcicv* hoUanAicu *-_......- 

Pumut menzlrvvt- --. . - - 

Flatyc*TCU& clcpant- __—- - 

Plati/ctTcu* eximiua . _-.,,,.. 

PolpUlie iuffliiuefli................ 

Ptittaeuta cyanoetphaln — ......... 

Pvittanuia eupairia - -_. - — . - 

Psittaeuia faseiaia -™.- 

Piittacufa kram^Tt -- 

Piitta^ui crithacu* _ 


jVubi- 


Comm&n name her 

Cuban pmt__,-.... I 

Yellow-headed parrot—.—„„ 1 

Double yellow-headed parrot™. _ 2 

Hyactntilne macaw.. L 

Ye E1 o w - a n d- b hi e macaw,3 

Red-and-blue macaw__ 3 

Red-blue-aud-ytllow macaw- A 

Peta p s parakeets__-—„ I 

Rusty-checked parrot_-.__.... 4 

Tovi parakeet....--- I 

Gang-gang cockatoo_-_ G 

Banksian cockatoo.,_,._ 2 

Red lory... I 

Ecteetus parrot™ . . _.__ . 1 

White cockatoo_........ 2 

Solomon Islands cockatoo, ...... I 

Sulphur-crested cockatoo.__ _ 6 

Leadbc&ter'fi cockatoo, -..- - 10 

Great red-crested cockatoo. . , — l 

Eare^-eyed eoekntoo___._ 5 

Gnww parakeet- - -—- - - 45 

Kea parrot.___—- 3 

Qoclc&tfcL. . 4 

Blue-headed conu re _,_ I 

PennanV b parakeet-..... 3 

Kosellu parakeet-- 1 

Barraband h 3 parakeet - 2 

Plum-beaded parakeet _, . . — 1 

Red-ab ouldered parakeet. ....... 

Moustache parakeet,,-2 

Kramer^B parakeet-..,__— . , . . 1 

African gray parrot.__..... 1 


CUCCLI FORMES 

Cuculidae: 

a jeojorpacta -- ttoel-—--—-_ 

caUformamt* -—- Roadrunuer.— —,.—- 2 

Mueophagidac: _ 

Crtniftr a/rtcanui__ _ Flf nttfiM iatcr.,.— -., - *—, . 2 

Thurtjca .South African turaco-1 

TavrOcO jMrtn. _ _ Purple turaco....I 


BTRIQXFOHME 3 

Tytonldae: 

Tyto a prrti Ante... . . _ __ Barn owL......—.........—^ 2 

Strtgidae: 

Bubo l-i r^itttanuf_..., ...__ Great hunted OwL.............. G 

Bubo Virginian ur flufuj............ Colombian great horned owl_ 1 

K&upa Jwhipa_- .......-- Malay flsbEng owl---...... 1 

Oius Aflio.......Screech owl.. I 

Siris varia faria^____ Barred owl_.*-.... 11 


Trogoniidae: 

Prioklu* temnuruM 


TROGONl FORMES 

_ __ Cuban trogon_ 


2 
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EIRDS—Continued 


Scientific name 


Alcedinidne: 

Dacdo --. 

Buccroildae: 

Accra* uiufrilctJu*....- 

A FtfftracWrtw wmfatqrieut, 

Bueernd &iCGrnia__..-- 

Bucetoe hydroevrax -^-— 

Rue^Enirf abywinimiA - 

Momotidae: 

Mq motua kwn I- — 
Upupldae: 

L r pupa spopt..--.- 


COKACII FORTIES 

Num- 


name 6*r 

^_.™ Kookaburra .... . —,,-— 5 

_ Malayan hernblll™----->---- 1 

__. .. . Pied hornbilL-..-- - 

_„ ConcaYMUsqued hornbilL ___- I 

__ Philippine horabilL......-..---- 

_ „ „ _ Abyssinian grou ud hornbi Ki . - I 

_, _ Black-and-white casqued hornbilL 3 

Motmofc m ^. - —-2 

__ Hoopoe.. _—-- 5 


Frci FORMES 

Rampheatidae: 

A ndigEn a hypogla am - . - . . 

Avlatorhampu* a/&ii*ifafwa 


torguaiixa^.- ...... 

Ramp Juuto j rarinol w*. .. .- ------ 

RampKa*Ui4 cutminatua - -------- 

Ramphostet tuwiuaeni--.-- - 

JfnmpAfljfM (w<?- ---- 

Capitoatdae: 

CyanapE wiaiiai- _. - . - -. - --- - - 

Me$ataima ifdonim.. ..■ - - - -. 


Blue toucan...-.., - -- 

White-lined toucanet -.._. - 2 

Ringed toiicanet. - .---... 

Sidphur-brewsted touenn ......... 2 

White-breasted toucan.- 

Swaiaaon's toucan- - _ 1 

Toco toucan...--- -- — - 3 

Asiatic red-fronted batbeV —- I 

Streaked barbet - -- - 2 


PASSERIFORMES 


Cotingldae: 

Chamorhytieh at n udicoU is -- - - 

Ruptcola ntpiodtt, -. - - -- -— 

JJtipH-oJfl jan^uifi^enln-.. - 

Tyrnniudae: 

PiianguE Eulphuraius --- -- 

Alftudldae; 

Afcucia n«wwij_._— ,,- - -— 

Corvid aet 

Calocitta farmoza - - - 

Cflmia fcraeAtfrfyndipj_— - - 

Carvas corax prifldpoiw..... - — 

Cotvue inEolene - --^— 

crwlcto....---- —----- 

Oymnorhinn hypdeuca^—^ -- - 

Piccr nuiiaili - - -- - - -- 

Pica pica hudzonka - — — --- 

[/rdWfflfla Coendsa.. - - 

Ptilonerhynchiriae; + 

PtifanorhynchuE rajJarau*.--- --- 

Timnludsei 

fJomdox &ieo[or.__. ....— — ...... 

PyCTionotidne: 

Hctcrophaiia ropifflrafa- - --- 

Ftfcmsuolns m/tfr__......-- - 

PytnanatiiM UucogcnyE -... -- 

Mitnidae: 

Mimue paiyglattoE- ....- -- 


Ikillbird.—. ■— 1 

Orange cock-oLthe-rock_—2 

Scarlet cock-Haf-the-rock.....- I 

Kiskadco flycatcher._4 

Skylark.....,.--—- -- 2 

Magpie Jay*. 1 

Crow.. ^ 

Raven.___— —-- 

Indian crow.------- 2 

Blue jay-.....---—- 2 

White-backed piping crow....— 

Yellow-billed magpLe............ 

Magpie...........-- —--— f 

Forinofian red-billed pie...-- 1 

Satin bowerbM. —---- 2 

White-headed laughing thrush... I 

BLack-headed iibia--— 

Hcd-vented bulhul....-----— 
WhitMbceked bulbul—--* 1 


Mockingbird.. 
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BIR DS— Con tin ucd 


PA sse hi fo RME s—c %u tinned 


Scientific name 

Turdidae: 

G&&kic?da dtrina _ .... _.... 

77inmnDla«a cinnemameivintrie _ .. 

Turtfu* prayiL.. - ......- 

Twrdv# mtQratoriu* _ _...,__ 

Stumidae: 

Acridotheres (risfu.^_ _____ 

Gratufa - - -_- 

Graeuta rdigwea in^i'tu__ — 

(jraenia nligtata robusta^ _ __ 

LaviprbCviiut purpureus -*«— 

Pastor rcsfw. ....._ 

Sprso BvpeTbuS-. _ ... - 

Siurfltfl TnOto&arittl - - 

Sturm** vulgaris^ . . - 

FloccEd&e: 

Aidemosyne - 

Amadina faeeiaia _____ 

DiotropUfO praene m -- . - 

Eetntaa aimndava -~ - 

E$trilda ....... 

Ettrilda eamU ----- 

Estrilda cwnt_....... 

ExtrUda eoemlttcena— ___ 

Estr ilda mdpoda ._ _- 

EstHldn senepala^ , _ 

Enpleeiee afra _ __ _..... 

EupfcrfM orir,^... 

Lanchura. Hifljfl-..- --—- 

Lonehura mcnorca-..----- 

Limchu ref p u j? clulfda _ ....... - .. ..- 

MuniG oryziPora, _ r _ ...-- 

Ploeeipa&ssr mafoali -^__* 

Phcftis _. 

Plovitellinus -. _ -— —■- 

FoephHa acuticauda -- - 

Poephila gauldiae ___.. _ ,__ 

PaephHa guttata ea&tanatis r ^^ --- 

PoepAiia mficmtda __.... __ 

Quften .- 

Appnl^lhflV bichcnaiiii- _- 

Stefanura paraduto -_ ^ ._,....- 

Ictcridaci 

Atjdaiu .j icteroctphaiu* - --* 

Ictcrui .... 

leteru* ietmw_.-.- 

Malathrus bononensta _ _ — 

F&amaajlax aryttrara. _ _..__ 

Quitcalun qwitevia —- — - -- 

Tangavius armenti* ._.......... 

A’aniA&cfpftafoui xanthoeephalue _ _ 

XanUiomu* d<cvTiwimfc&_ ^___--~ 

Thraupidae: 

Catoepiza ruficapilin .............. - 

Peamocclax 

Rarnphaeiitm dimidiate_ _...... 

Ramphocdus pa&scrini _ _ _ _ 

TJirrtupw - 

Tfireupw leucoptera ^— _ _ ..___ 

Thmupit palmtinjni— . *__- * _ 


Common nrimc 

Orange-headed ground thrush^... 

Cliff ohtiL-- — --.--- 

Bonaparte's thrash _....... .. 

/Robin.-- , 

\Albino robin... ..._ _ 

Jungle mynah__ - 

Hill mynah_.... — -—- 

Lesser hill myrmh_ _ __ 

Nias wattled mynah___ 

Burchell r a glossy starling, __. 

Hose-colored pastor... ____ 

Trieolored or superb starling_ 

Gray-headed mynah. .., T — 
Starling_ _ _ ---* 

Plum-headed finch,-. -....... 

Cut-throat weaver finch_ 

Giant whydah, 

Strawberry finch_ ..._..... 

Cordon bleu 

Red-eared waiblU.-----™.« 

Common wasbiH__ ____ 

Lateoder finch__ 

Oranpe'ChceSsed waybill- 

Fire finch,, _.... — 

Y ellow -crowned bishop weaver. - - 

Red bishop weaver. __.... 

White-headed nun_ .... _ 

Black-throated munia___-- 

Spice finch _......_.... 

Java finch.,. _....._..._ 

Mahali weaver- 

Baya weaver,....____... 

Vitelline masked weaver_ _ 

Shaft-tailed finch. - 

Gouldian finch. __ _ 

Black-headed Gould tan finch..*.. 

Zebra iidj..-, - 

Star finch __ _ 

Red-billed weaver.._ ___ 

Bicheno 1 * fineb..*__ _ 

Paradise whydah,.____ _ 

yellow-headed mftrshbSrd___._ 

Giraud p s oriole,_ ._ 

Troupial __... 

Silky cowbird _..._ __ 

Rice gracJde__ _ 

Purple meItlc ... 

Colombian red'eyed eowbird,,^., 

Vellow-hcaded blackblpd_. ___ 

Crested cropcndola...^ _ _ 

Brown-headed tanager._ __* 

Black-anrL white tahager. ._ 

Crimson tanager,,., _^ _ 

Pflswrini a tanager__ 

Blue tan?vger.._._ 

White-edged tanager_____ 

Black-winged palm taoager__ 


Num¬ 

ber 


1 

2 

1 

1 

I 

1 

2 
2 
L 

3 
1 
1 
1 
2 

1 

10 

5 
1 
0 
1 

4 
2 

1 

2 
10 

7 

16 

1 

1 

SO 

1 

12 

3 

2 

3 

2 

47 

1 

1 

1 

II 

1 

1 

1 

I 

1 
1 

1 

1 

1 

1 

2 

3 

6 

4 
1 

2 


























































































S£CREITARY J S REPORT 


143 


BI RDS^Continued 


P ASSERT FORMES—COD ti □ 11 ed 


Scientific rjaiflt 


Common name 


Num~ 

b*r 


Fringillidao: 

Cardutfi* cardiuli*--- --— 

CardueHs car duel IB X Strinut CO- 


European goldfinch----- — f 

European goldfinch X cioary- 1 


nnnus. 

Carnodqc^ meuraaaa fr&niahn. - 
McfoBpita rndodia — —----- 

/ J aroEtria cueuHcU® - - ,- -— - 

Farovria $uIqt m nipTo-p* ft is - - ■ - — 

PoOBpita Jorqniafa__-- : -,, — - — ’-- 

tiichnigndtna cardinalit -- — -- — 

Saltalor tmtrtmus--- - - -— 

Berinut eanariu* - - - - , . — 

Sicalix htteola _. w .—-. - 

Sporaphila guituraliB .- - — 


House fineh_.-*«->--- 

Song sparrow.^.- 

E ruzilian cnrdi naJ-- - -.— ----- 1 

Black-eared wdioaL———— * 

Ringed warbling finch--- 

Cardinal- - - -- 

BufMhroated saltator-* 

Canuy-^—---- 

Saffron finch_.--------- JJ 

Yellow-billed finch.—,- S2 


REPTILEi 


Crococlylldfle: 

Alligator mitBinipimris. 

Alligator rtnWf-- 

CoifcUtfi scierop*-^----. 
Crocod’tfi^J Benia*--—- 
Croatdylus CQtaphraci ub- 
Crot&dyhiB niloticus _ . . - 
Crocwlytut paroBUB^^ — 
Qstotes-mnS WftlJpis- - - 
Tom tifoms tchUgm- - - - 


LOIllCATA 

_ Alligator^------—-—— 

L .. T Chinese alligator---- 

._«» Caiman-- 

r _* American crocodile. 

Narrow-nosed crocodile., 

* M _ _ African crocodile.- 

___ Salt-water crocodile.. 

_ Broad-nosed crocodile— - 

GamL...^— — 


SAURIA 


Cekkonldae; 

Gecko tmithi __ _- 

Tarentola mauritanicG -- 

Gerrho&auridflo; 

GerrAejauruj mn - - 

Iguapidae: 

AnolU — 

Ajidis mttatdl a* — ... - -- — - 

j4nofia -- - 

Anolis etratu #l4Jr_ - - ------ 

tpriiira matUaifi -—— ■ - - - --- - - 

Cjc/ura stejncgwi - - „ - - 

/p&wrrao itftuiaa— ------ — -------- 

Phrynmom 0 corn uJuru- - — - - 

Sctteporus a ndtdaivs - - - — — 

Halodmoftfidflei 

Hdoderma hsrndum ~ —- ---- 

Hdodefma - - - - 

Yirnnfdae: 

Foraans mnut — ------ — ----- — 

Telidnai 

Tujfm&mtriJ niVropunctaiaa- ---* 

Idnadu: 

Ckatcidcs sepmde*- -- — — 

JEtfCrnia Muafo . . _ . —- 

a ffnitt tcAifei_ _ *■•« — - —- — 

imcecB fascial tt*_ _. - - - , — 

ficintu 1 fljjifinaitf, — — --- 

Trftr^Jfluruj rvpttt--- 

AnguiHao; 

Qphti 0 urti* wntralit .— - - 

ChumeJeontidae : 

fflumoekon ditepi*- z - - - - 

Chamacteon. jackion i - — - 


Giant gecko__ —-- - - 

Gecko- - -- - 

Elated lisard - — — 

A iikcrican wiotfe... 

Little created anolis - -- - 

Kru^i anollB- --- - 

West Indian uitolis—,__^_-^---- 

Ctiban iguana.^---.-------- 

Mona Island iguana---^------- 

Commo n Iguana.—* - - - 

Iloroed toad - --- 

Fence lizard, ,___ — -- 

Mexican beaded lizard— 

Giin mon45ter w ,_ _ —.—,- 

Australian tnee monitor. 

Black tegu____—---— 

Tbrec-fiogered skink_ . — - - 

Mourning skink.— - - — 

White's *Mnk - -- 

Greater five-lined skink__.--^--- 

Sand sikink_ -_ — 

Stump-tailed lizard-- — 

Glass lliard..,,--- - -—— 

Flap-necked chameleon - —--- 

Three-hornied! chameleon - - - - - - - - 


19 

2 

16 

■J 

1 

1 

l 

3 

1 


i 

1 

s 

35 

s 

5 

4 
3 

1 

11 

10 

s 

2 

5 

2 

1 

2 

2 

8 

5 

9 
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REPTILES—Continued 


SERPENTES 


Scientific nams 

Boidae: 

Nofl cnydris emkii- __..__ 

Bog tnydri* tnydriB — 

Cciuirtctor cflUflJrtrfGr —+. 

Constrictor impcralar -__________ 

Eptcrates angulijflf-^ - 

Epicrates ccnchna -^-_ __ _.__ 

Eryx thch&icvs- ——t-—-— 

Eune ttes murinv4_- 

Python tnohiTUl., 

F^tAea - 

Python rcticiriatui--- _____ _ __ 

Python SSNm_ _ , _ *_».« .l, _________ - 

Colubridac: 

A bosJer rr^lArepra mmus _.____ 

Boaedon lintalum r - 

Coluber constrictor constrictor --.- 

Diadophis punriahtt edwardci _ 

Elapht obsolete eanfinU --- 

Eiaphe obsolete guttata _____^_ 

I%lapkc obsolete lindhcimcrL. __ 

Etephc ohsoUtti obsolete--. _ 

Eiaphe quadrimtiaia-- ____ 

Fttranci'a dtuKttra .------- 

Heterodon contortrix —__.—„_ 

Lampr&pcltis doliote— 

Lomproptltit tfctulus caUfomiac _,_ 

Lam propel pefuitu getulus -- 

EampropcHis getulus splcndida — — 

Lar Aom bomacui&te—. _ 

La Ynpropcliis triangulum „_______— 

Lepfodiers annulate -- 

MdsMaophis flagellum flocigufani _ 

Natrix erythroga&ter -- 

Matrix fasciate- __ _ 

Matrix pictivmtris---— - 

Matrix sspkmmttete- — 

Matrix sipedon. _ ._____ _ __ _ _- 

Opheodrys txmatis^ _____________ 

PafiiifipAtff enp.__.-,_ 

j^jiTiccfpAaiu* rapensi* _._ 

Storcria dekayi- ..— 

Storms o. occipitomaculate*, _ .__ 

Tham noph is sauriitta __ _ ____ 

Thamnophii siHalis ____ 

Zamenit fioruUntus- __ ____,_- 

EtapidaEr; 

Naja Aa;>...____ 

Ms ja AatmaA_____ 

Nnja nmfsiUikifH____— 

Naja naja---- __.______.__ 

CrotiUidne: 

A nciilradon contoririx pndbwm__—* 
Anrisiradim piscivoru*^- __ 


Cfmatus wrox ________ 

Crolaius h&rridus . _ _ 

flrnlAlui leroiduA 



Sislrum* miliarCu*-. --- 


Sistrurus miliarius 

TWnunftmi# fl P--_— 

Tnmcrcsurus jUH&ririd 


Num* 


Common name her 

Cook K a tree boa__„ 1 

Tree boa__ 1 

Boa constrictor.______ _ ___ __ 2 

Emperor bo*.™. 2 

Cuban boa, __ 5 

Rainbow boa_ 5 

Sbar p-taEled sand boa. __... I 

An aconda_ _.____, ____ _ ___ _ 5 

IndEan rock python,___ 1 

Ball python...-__ 5 

Regal python_*.**-*>«. 3 

African python___ ____ 2 

Rainbow snake.,,__1 

African house snake, or musaga. _ 2 

Black racer,.. I 

Ring-necked sfiake.„.„ T „.__ I 

Southern pilot black snake.__ I 

Corn snake.__2 

Ltndhetmeria rat snake..,,,__ 3 

/Pilot black snake..___ 10 

\ Pi lot black snake, albino_2 

Chicken snake.,,,.,,._ 8 

Mud snake. ____ 2 

II og- n OH-e d anake_ 1 

Scarlet kins snake.__...__ 1 

California king snake_2 

Kinr Pnake..____ 3 

Sonoran king anake.__ 1 

Mole enake._...___ I 

Milk snake. __ 2 

Gat-eyed flaako____ 4 

Coaenwhip sn ake___ 0 

Red-bellied water stiake______ 3 

Southern banded water snake. 3 

Florida water snake,_ 11 

Queen water snake_____, 2 

Water snake_ 0 

Smooth-scaled green sn&ke_____ 2 

Bull enake.... __ I 

File soske..___ I 

DeKay's snake___2 

Ilcd-bellKed snake_ I 

Ribbon anakc..,,,.,.^_ _ _, l 

Garter snake...,__ 3 

Egyptian rBcer__ s ,,,^.,_..__ l 

Egyptian 9 

King cobra___l 

Black cobra,..,__ i 

Indian cobra..___ 5 

Nortbern cop^rbcad snake.,, 7 

Water moccasin __ 4 

Te^aa diamondback rattlesnake. _ ^ 

Timber rattlesnake- _....__ I 

Rock rattlesnake____ 1 

Pygmy rattlesnake.2 

Ground rattlesnake..,,_... I 

Korean viper,___►■*-»**»■ 1 

EAbu___ 1 
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R EPT 1 LE S—Con tinned 


TESTUDINATA 


C&7n™n name 


Num¬ 

ber 


side-neoked 


Chiiodina IcnQicdtrt- - --- 

Hytiramtdu^ tcctifera^ --- 


Scientific name 

^Batraehtm pil Ttflaute-...- South Am eritan 

turtle* 

Austral ian aide-necked turtle,- 

Small skip-necked turtle--..-,, 

Phryvop* geoffrcy* Fw-- GEidfi-ne«t«l l urlle- — 

Pftrjnep* Lam--- Jj"KSfejSSta^-- 

.—~ SoothAm^tom mud turtle- 

KinoMtcrnvn mftra&rum--- t i ,r 4?“.. -. 

^ferrtgjJAfrwi odoratu *-—-—— turtle--- 

C CT®T^«nlttW-.. Snapping turtle—-.-— 

. — -.— Indian f«h-w6ter turtle—. I 

Chrytimy* pick -- ■— efSiSSt EUlu”-" “ L 2 

Cle iTi tttys put lata ....— -- Shotted trntla--" --- 

Cfommys in&culpta . .*— -----— JJ D Y^ turtle^ - - - - ,- 

Ckmmjt* marmcrata Pscifie pond turtle... 

CvtUmys .. SI&E’EJSS? * 

Emydu ra macquariae. - MUirajr turtle ^ , - - -- 

Emm orbieuteri*^—- -- European pood turtle™.— 

frrapfemtj* bftrt#Mrt..-- - ~-———— 3 

Gr oeugrapAura -- *P tur ~ a:" - 

laSaaasasS!!^ Biisasafc:™^^ > 

Molochmys terrapin „.- - --- I^amondback turtle— - 

Ptettdfftftyf d« cu jjflia -- - -- Pi**?*!? Y ft ^fi r turt e " * o 

- ■ ■ Mobile turtle.,,,-— }* 

Florida water turtle^-Id 

7 

.... 2 


3 

2 

1 

15 

5 

1 

5 

0 

12 


P&eudem y a Jforki orm„, -- 

rtwdemai toHttafW tuuumiim**- Suwannee turtle, 

JS±5SB6k:=:” gSMgSSi::” 
8SES S?S »«;™s;::::::: 

asraa!.'^— M 

«fe:::::::::::::::: «SMtaE= 5 

fiSSySfi 1 **' - -& c rA^«i^TS£ r tu^::::: 3 

f&ff^:;:::::::... ^ w ... u 

.-.— Giant Aldabm turtle-. d 

«fe=E ®fe&~= t 

T 'teii d £n . Amrfmi „rt.b«W turtle. J 

SSSSSSss:::::::::::-- . 2 


G 

12 

S 

10 

1 














































































146 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1967 


AMPHIBIANS 


CAUDATA 


Scieniijic narttfi 
Ambystomidae: 

Ambytloma opatu m__„ _ _ ^ _ 

SalaTnandridae: 

jD[ r hi irtylKA mride&ctn#^ _. — - — 

TnrieAa Iwosg.^—__ 

Trtiurus pyrrhpyaiter ____ 

AmphiijnijdJie: 

Amphiuma mtanx-^ _ fc „_.. 


JVtfHt- 

C&snraon name &w 

M arlili'd a&]flounder _. ^ „_ 1 

Red-spotted ne wt_ ..... _ 25 

California newt...— __ I 

Red-bellied newt__ 21 

Congo eeJ. . . . —I 


SALIENT! A 

Dendrobatidaej 
ZJmdrobates ap_.._. 

J?rnd'nE?l)n^} aurotus. 


Btindruboiez typography _ 

Bufonidac: 

Bufa «.«, 

Bufo ff ufftdUS. -_-___ „ 

Btifo marinus ___ 

Bu/g ........... 

Bufa ptltocephalux^ ___ , 

Bufo viridU _______ 

Lcptodactylid&e: 

CffriU&phrp* cflicarflta__^_ „_.___ 

Cerat&phryM „ 

Hyifdae: 

Acru grgUut ____™ . .^_ 

Hyla cineret i.„_-__ 

Hylo versicolor _ 

ffylambaUs ffjflfliyuS.— 

Mtffal&fihi* fomannit- _____ 

Microhylidae: 

Aficrohylo ceroHnottiti„, _ _,__ 

Fipidae: 

Ptpa pipo. _ ____ 

Ranidae: 

Rona adjjKTjet___ _ 

Rana ____ 

iJui^a efciirtjtoaML™™—™. 
Rann pipims^__*._ 


Green poison-arrow frog,__ 

Black poison-arrow frog._ 

Yellow poison-arrow frog— 

Ameriean toad___ 

Forest toad—.— 

Giant toad.— .——_„ „ ___ 

Rococo toad.,.._,__ 

Cuban toad—._._ 

European toad—___ 

Colombian homed frog,,.——_ 

Argentine horned frog_^„_ 

Cricket frog_____ 

Green free frog_„____ 

Gray tree frog,_*_ _ 

African flash tree frag—._ 

African green frog_.....___ 

NarrOw-ntouthed toad___ 

Surinam toad.—_,—_ 

African bull frog.._____ 

American bull frog—_ 

Green frog___ 

Leopard frog___ r ____ 


FISHES 

Aranf^edrtrfij Talking catfiah.__._., _ 

Aeonihopht^lm-ut eeuiictnefo 0 _ Large k uhlii_ 

,-1 Tinbo* U*itidin&UK ____ Clirnbing perch__ _ 

Attronotuxocdlaiu* __-_— Peacock oichliiL, _.... 

Barbu* _.—___^_ Clown barb__ 

drtfti tp. — ..._„__ __ Fighting tlsb_.___ _ 

Brnrh ytfobiui xnnihozonux mr . ^...__ Bum Me bee-fish,„ . _ _„, 

Corjfdora# haatn(’;.'t!_ ______„ Corydoraa...___ 

Disiichodui Mtxfatciatus _... _ ___ _... 

Electrophorvt etcctricu j _ Electric eel__ 

fra mbutvi fuTvt&alu *—.——__ Blue gambuaia __ 

Itfibm chrysophekaditm __ ___ Black sharkfisL...,,,. 

lebutoKctuntou, ..{SSte'fts::::^::': 

Lepidotirzn jm radoxa^ - - South American Iungf!itb__. 

M ctynnia ap.__„ — _ Metyimia. _ _ s _, 

PlteoBtomut plerostomm _ ...... Armored eatfiaL__ 

Protppima annsefea#__ __ _ African lung Osh I ~ _. 

PffiropAwHum flHi«Jtu.„..._„ Black angelfiEh-._ T _ T _ ri 

ScPTfl^jiirtwff ___ ___ Piranha^-_ _ 


1 

1 

7 

4 

2 

7 

1 

e 

1 

2 
i 

4 

1 

4 
0 
J 

2 

5 

12 

2 

ID 

25 


1 

1 

4 

4 

*5 

1 

t 

ft 

1 
1 

15 

2 
25 

10 

] 

2 

4 

1 

2 

1 










































































SECfiETAHT'S fSEPGBT 


147 


T 1 IBH ES™ 1 OoniinU-p d 


n amt Common nam* 

St^rnarQh^Ua schotti _ __ Africnn knifefish__ „ _ __ _ 

Tanichthf/s alhcnub£s _, _ ^ _ ____ White Cloud Muutituin fish. 

TrichogdaUr trichopier us _ Pearl goumpiL. 

XJpkophotws hdkrL . * _ ^ _ - T __ £1 teen swordtail_„ _. 

Xiphoph&rui miacuitiiijj_ __ Ptalys or »'■ n**nfish „ „ „ , 

Unidentified- _ __ _.„ _ - Mouthbreeders.. ,. _„ _ . 


Crustacea: 

Birgui lalfO -__ . 

Aracthnlda: 

CWruroides fracii tifl._ 

EnrypehrUl Sp _____ ,_ 

Latradwha m&£{an 
Id sects: 

BUtbcrus craniijer _ 


Lgmndza sp. 


ARTHROPODS 

...... Coconut crab_ _ 

- Land hermit cr&b _ - _.- 

_... Florldft acorpSoD,.____ 

...... Tarjmtul^., _ _ __ 

_ __ Black-widow spider-., ___ 

_ Tropical giant cock roach , _,_ 

MOLLUSKS 

___ Pond snails___ _ 


j.Vyui~ 

btr 

2 

1 

1 

4 

6 

2 


1 

as 

2 

10 

i 

100 


100 


FINANCES 

The appropriation for the National Zoological Part is carried in 
the District of Columbia Appropriation Act In the fiscal year 1957, 
$720,000 was appropriated, of which $545,627 was alio ted for snla- 
rie&, leaving $174,373 for the operation of the Zoo. Included in this 
last figure is $65,000 for animal food, $29,000 for maintenance and re¬ 
pair, and $15,000 for the purchase of animals. In addition to animals 
purchased from appropriated funds, many valuable animals are 
acquired through judicious exchange. 

The estimated net worth of the Zoo is approximately $4,500,000, 
which includes the value of the land, buildings, improvements, ani¬ 
mals, and the current appropriation. 

PERSONNEL 

J. Lear Grimmer, formerly Assistant Director of the Lincoln Park 
Zoo, Chicago, Ill,, was appointed Assistant Director of the National 
Zoological Park on June 3. Mr. Grimmer is a trained zoologist, 
specializing in herpetology 1 but interested in the entire field* He lias 
had eight years experience in zoological park administration. 

Former assistant head keeper Ralph Norris, who has had 25 years 
experience, has been appointed head keeper. 

James M* Derrow, an employee since 1931, was promoted from 
assistant superintendent of maintenance and construction to superin¬ 
tendent 

There are 137 authorized positions at the Zoo, which at the present 
time are divided as follows: 12 in the administrative office, 52 in the 
animal department, 21 police, 47 in the mechanical shop, and 5 in the 
grounds department. 
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During this fiscal year $15*310.87 is a 9 utilized for terminal leave 
payments for ret I ri ng personnel. Funds are not a ppropr> ated for this 
purpose. In order to absorb this amount it was necessary to main¬ 
tain vacancies throughout the year. To meet this unique situation 
all employees had to put forth extra effort. Their loyalty and de¬ 
votion to the Zoo and their hard work have been redacted in the 
excellent health of the animals and the general appearance of the 
Zoo. Great credit is due the employees for their cooperation during 
this trying time. 

Other personnel items referring to retirements are mentioned at the 
beginning of this report. 

information AND education 

The Zoo continues to handle a large correspondence with persons 
all over the world who write for information regarding animals. 
From every part of this country citizens write to the Zoo as a national 
institution. Telephone calls come in constantly, asking for identifica¬ 
tion of animals, proper diets, or treatment of disease. Visitors to the 
office as well as to the animal exhibits are constantly seeking 
information. 

The Acting Director spoke before three civic groups and made one 
television appearance. 

The Assistant Director made one television appearance, in which 
he showed the feeding and handling of gorillas. On another occa¬ 
sion, the Zoo's three baby lion cubs appeared on television. 

Two groups of naval medical officers were taken on a tour of the 
Zoo, special attention being paid to those animals which are reservoirs 
of human infection, and those with which they might come in contact 
at their stations. 

Malcolm Davis, assistant head keeper, in charge of birds, continues 
to contribute notes and observations to ornithological journals and 
publications. He helped revise “Parrots Exclusively” and assisted in 
the preparation of “Pet Mynas,” both published by All-Pets Magazine, 

Mario DePrato, principal keeper in charge of the reptile house, 
talked before a Navy Research group on poisonous reptiles. On a 
collecting trip in Florida and another in the Dismal Swamp, Va., Mr. 
DePrato gathered a number of interesting reptiles, which were added 
to the collection. 

Travis FautUlemy, administrative assistant, and Ralph Norris, head 
keeper, were sent to the Cincinnati Zoo for two days to study manage¬ 
ment problems and animal-handling techniques. 

While the Zoo does not conduct, a regular I'esearch program as such, 
every effort is made to study the animals, and to improve their health, 
housing, and diet in any way possible. 
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VETERINARIANS REPORT 

The work in this department during the past year hag been some¬ 
what curtailed in its professional aspects owing to the promotion of 
the veterinarian to Acting Director upon the retirement of Dr. William 
M. M ann . The majority of his time lias been absorbed in administra¬ 
tive duties which have, regrettably, necessitated leaving undone much 
of the routine veterinary work* 

Several programs that had been started and that require much time 
and constant attention have been curtailed. Every effort has been 
made to see that the health of the animals in the Park is safeguarded* 
and necessary medications and treatment have been given. Particu¬ 
lar emphasis has been placed upon the nutritional aspects of veterinary 
practice and changes in and additions to the diets have been made. 
This has meant a great deal of extra work on the part of the veteri¬ 
narian with rather long hours* He has bad to be on duty almost every 
day of the year to fulfill the dual requirements. With the addition 
of Mr* Grimmer as Assistant Director, the administrative duties have 
become less arduous. It is expected that after the first part of the 
next fiscal year a full-time veterinarian will be in residence, so that the 
programs already started can be continued, and new and better prac¬ 
tices put into effect. 

Owing to the intense interest among zoo veterinarians and all zoo 
people in the aspergillosis infection of birds, particularly penguins, 
there, has been instituted a cooperative study with Dr. William Sladen, 
an English medical biologist, in residence at Johns Hopkins Uni¬ 
versity on a Rockefeller scholarship, and Dr. Carlton Herman of t hy 
United States Fish and Wildlife Research Laboratory at Patuxent, 
M«L* on various aspects of aspergillosis. Studies are being under¬ 
taken (1) to determine the best method of artificial infection; (2) to 
find the mode of natural transmission; (&) to develop a sensitivity test 
or some other method that will lead to an early diagnosis of this 
disease; (4) to find the most efficacious method of treatment* In con¬ 
nection with this last problem, several new drugs have been tried out 
by various routes of administration. So far, the work has been prom¬ 
ising and many new facts have been learned about the disease although 
no definite conclusions have as yet been reached. 

Following are the s tat is ties for the mortality rates during the past 
fiscal year and a table of comparison with the last 5 years: 


Mortality, facet *W IIS7 

ICG 

Ta 1 at mBrtflHljr, pa* t S jt#rs[ |ftarw 

672 



__ 

165 

_ 

646 

TlPpHW _ 

ITS 

..... __ 

I9&&- __ __ 

7S5 

AmphtblAnH 


. ... 

616 

Fished arachnids^ Insects, et be_._ 

24 

1957 _ __ ___ 

549 
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Manv of the losses during the year were natural attrition due to 
senility. During the war years the normal flow of animals was re¬ 
duced, and since then political situations in many parts of the world 
and animal disease conditions (necessitating expensive quarantine) 
have made replacement of stock difficult. It is extremely gratifying 
to the veterinarian that this year shows a decrease in the number of 
deaths in comparison with the increase in total animal population 
and number of species. 

COOPERATION 

At all times special efforts are made to maintain friendly contacts 
with other Government and State agencies, private concerns and in- 
divi du als, and sci en ti fic. workers for mutu al assi stance. Asa reaul t the 
Zoo receives much help and advice, and many valuable specimens, 
and in turn it furnishes information and, whenever possible, speci¬ 
mens it docs not need. 

Special acknowledgment is due Howard Fyfe, United States Dis¬ 
patch Agent iti New York City. He is frequently called upon to 
clear shipments of animals coming from abroad, often at great per¬ 
sonal inconvenience. The animals have been forwarded to Washing¬ 
ton without the loss of a single specimen. 

United States Marshal Carlton G. Beall turned over to the Zoo 
800 pounds of whole eggs and 18 cases of crabmeat which had been 
condemned by the court as unfit for human consumption but was fit 
for animal feed. The poultry division of the Department of Agri¬ 
culture gave several thousand day-old ducks, which are good food 
for many young animals. The National Institutes of Health coop¬ 
erated in many ways, helping with postmortems, giving valuable ad¬ 
vice, and donating surplus laboratory animals, some of which were 
exhibited and some used as food. Laboratory animals that had served 
their purpose were also donated by the Army Medical Center and the 
Navy Medical Center. 

The Fish and Wildlife Service donated a pair of whistling swans 
and an eastern weasel, and placed on exhibition in the Zoo two mallard 
ducks, named MrtcMullord and Susie, which they intend to use in 
promotion work for wildlife conservation, much as “Smoky" the bear 
lias been used by the Forestry Service in fire prevention. 

In cooperation with Dr. Ray Erickson of the Fish and "Wildlife 
Service, Department of the Interior, Mr. Davis has worked on the 
development of a brail for Canada geese. The purpose of this 
project is to develop n brail that will prevent flying but at a later 
date may be removed and permit the birds to have full use of their 
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PLATE 5 



1. Willi-C and Lucy* white * >r aqua re-lipped rbim d-r wt-re captured h -r ihe -3T--" in Uganda. 
They are the first nd their tpedc* td he exhibited in itic Liaited States. 



2. The *naW leopard, or ounce, inhabit* Lbe high ahb udtt of central Aw a, A pair of LhM 
beautiful cau was purchased by the Zoo m the late rammer of 1956. Photograph by 
Erueit P. Walker* 




Maaudt snd Haisadi arc she fsr*l okapis IO be exhibited. at thu Naliu-tlaL ZK ihgkiil Pafh. 
Gifta cif the fidgi^lfc Government! tiey WCIT formally prejented on November IS h 1950- 
Fknogiaph hy R^ftland, Wathbgtod, Fent and Timet-IIeraScL 


^tuy’i ELepert. 1 fl&? 


Plate 6 




Srcrttuy'i Rsrp»T( r 


PLATE 7 



Wild-caught hoojxei are too Ctm-ttl bo adapt themielvw to captivity. Hie outt ooW in 
the Zoo were (alien ai flallbgs and handtoUcd by a collector in Hungary, Photo- 
graph by Efflci? R Walker, 
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wings. It is the desire of the Fish and Wildlife Service to use this 
brail in establishing flocks of geese in areas that they formerly in¬ 
habited, but which they have abandoned owing to hunting pressure 
and environmental changes. 

VISITORS 

Attendance at the Zoo this year reached a total of 3,938,546, an all- 
time high record. In general this figure is based on estimates rather 
than actual counts. 


Estimated awm&er oj visitors for fiscal year 1557 
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Other groups, totaling 278 persons, visited the Zoo: two groups from 
Japan, one from Germany, one from Canada, and three convention 

groups from the United States. _ 

About 2 p. m. each day the cars then parked in the Zoo are counted 
and listed according to the State, Territory, or country from winch 
they came. This is, of course, not a census of the cars coming to the 
Zm but is valuable in showing the percentage of attendance by States 
of people in private automobiles. Many District of Columbia, Mary- 
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land, and Virginia cars come to the Zoo to bring guests from other 
States* The tabulation for the fiscal year 1957 is as follows: 



Par«*i 


J*rtni 

Maryland __ ,, ,, __ 

2S. 7 

Massachusetts_ 

4X 9 

Virginia- _ ____ _ _ 

21 9 

Connecticut_ __ 

* f 

District of Columbia,-. -, 

22 1 

Illinois,____ _ _ 

,7 

Pemisvlvnmn. ____ 

4 0 

South Carolina- ___ ^ _ 

. 7 

New York_„____^ _ 

2. 7 

Mlchiga o _ _, __ 

* 6 

North Carolina-^_ _ 

2 l 2 

California_ . 

* 6 

New Jersey-_-__ _ 

1 . 6 

i Georgia__ _ __ _ 

*8 

Ohio_ 

L5 

Tennessee _ „ T „ 

*e 

West Virginia __ 

L3 

Texas_* „„ „ ________ 

+ 5 

Florida - 

l. i 




S4 0 


The remaining 6 percent came from other States-! Canada, Alaska, 
Newfoundland* Okinawa* France, Hawaii* Cuba* Panama, Germany* 
Mexico, British Columbia, Nova Scotia, England* Guam, South Amer¬ 
ica, Philippine Islands, and Puerto Eico, 

On the day a of even email attendance there are cars parked in the 
Zoo from at least 15 States, Territories* the District of Columbia, and 
fo reign countries- On average days t he re are cars from about 23 Sfca fces, 
Territories, the District of Columbia, and foreign countries \ and dur¬ 
ing the periods of greatest attendance the cars represent not less than 
34 different States, Territories, and count ries* 

Parking spaces in the Zoo now accommodate 1*070 cars when the 
bus parking place is utilized* and 969 cars when it ia not used, 

GROUNDS, BUILDINGS, AND ENCLOSURES 

The National Zoological Park covers an area of 176 acres. There 
are 3 miles of automobile roads, 3 miles of trails, 7 mi lea of pedestrian 
walks, 2 miles of boundary fence* and 8 miles of paddock fence. All 
told, there are £01 houses: 7 large exhibition buildings; the office; a 
building that contains police headquarters, public restrooms, and 
gardeneris storeroom; the cafeteria; 19 service buildings* and 172 
shelters for animals and equipment. There are 762 animal cages and 
16 large outdoor pools* 

Also to be considered under maintenance are a central high- 
pressure heating plant* which indudes 1,300 linear feet- of conduits, 
or 3*600 feet of steam lines to the buildings, and six smaller heating 
plants. 

During the year there were extensive replacements, remodeling* and 
repairs to paddocks* cages, and water lines, with major repairs to the 
roofs of 12 large animal shelters. A large outdoor pen was re¬ 
modeled for the African buffalo; the mouflon yard was enlarged by 
combining two paddocks, and the cage that had formerly housed the 
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gaur, in tho elephant house, was remodeled to make it suitable for the 
forest-dwelling okapis. 

Nine new picnic tables were made in the mechanical shop and set 
out in various parts of the grounds. 

The work of the gardeners force has been mainly that of removing 
dead trees, which are a menace to both animals and visitors, and 
replacing them with young trees. The animal department is fur¬ 
nished with forage which is very beneficial for animals. In an ex¬ 
change with the Park Department of Norfolk, Va*, we supplied a few 
animals for the Zoo there, and received a large shipment of zizaleas 
and camellias, which add greatly to the attractiveness of the Park. 

Although the greater part of the Park is kept as natural woodland, 
there are 22 acres of lawn, which require 128 man-hours to mow, using 
the present equipments 

The accumulation of trash is still a major problem. After days of 
heavy attendance, such as Easter Sunday and Monday, 5 to 10 days 
are required to sweep walks, rake lawns, and make the Park present¬ 
able again, 

PLANS FOR THE FUTURE 

Owing to lack of appropriated funds, no major improvements 
were undertaken during the fiscal year. The old buildings continue 
to deteriorate, and even the newest exhibition building is now 20 
vears old and needs painting and repairs. Ten enclosures, including 
the pools for exhibition of aquatic mammals, have been abandoned 
for nearly 10 years. It is hoped that in the near future funds will 
be appropriated for the following badly needed new construction and 
improvements: 

Buildings—A building to house antelopes and other hoofed ani* 
mills that require a heated building. The present structure, built in 
1698 for $3,500 is inadequate, dimly lighted, and poorly ventilated. 
The rare and beautiful okapis had to be placed here when they ar¬ 
rived last November. The building houses a misoe] lanecus collection 
of cats, kangaroos, gJUir, the rare agrimi goat, and others. The 
Zoo has made it a. policy not to purchase or accept antelopes, because 
of the lack of housing for them. 

A new administration building to replace the 152-year-old historic 
landmark, which is still in use as an office building but is not well 
adapted for the purpose. Termites destroyed the photographic file 
this year, and most of the Zoo library has now been moved to the 
second floor of the building to postpone the day when the invaders 
will attack this valuable collection of scientific books. A thorough 
examination of the office was made by the District of Columbia De¬ 
partment of Buildings and Grounds, which recommended that unless 
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extensive repairs are undertaken immediately, the building be con¬ 
demned as unsafe. 

A hospital, which will also serve as a fireproof receiving station 
for animals shipped in, for quarantining them when necessary and 
with facilities for caring for those in ill health. This building should 
also contain an office and laboratory for the veterinarian. There is 
no structure within the National Zoological Park suitable for conver¬ 
sion into an animal hospital. The building now in use is an ancient 
stone building, formerly used as a hay barn and storage shed, which 
w&s hastily cleaned out and sketchily furnished at the time the vet¬ 
erinarian was appointed in 1955. 

Enclosures .—Enclosures and pools for beavers, otters, seals, and 
nutrias, which cannot be adequately cared for or exhibited under 
existing conditions* 

Now paddocks for the exhibition of such animals as deer, sheep, 
goats, and other hoofed animals, to provide for the exhibition of a 
greater assortment of these attractive and valuable animals. 

ImtaRatitois .—Extensive remodeling of some of the buildings is 
needed to bring them up to date with the latest techniques of zoologi¬ 
cal exhibits, making them more pleasing esthetically for the visitors 
and ecologically for the animals. 

Respectfully submitted. 

Theodore H. Reed, Acting Director. 

Dr. Leonard Carmichael, 

Secretaryi Smtihtonkm Institution. 


Report on the Canal Zone Biological Area 


Sib: It gives me pleasure to present herewith the annual report on 
the Canal Zone Biological Area for the fiscal year ended June 30, 
1957, 

SCIENTISTS, STUDENTS, AND OBSERVERS 


Anyone with serious interest in tropical wildlife may use the held, 
laboratory, and living facilities on Bairo Colorado Island. These 
people may stay on the island overnight, or for periods of weeks or 
months. Some who visit the island carry out technical scientific re¬ 
search, while others come to familiarize themselves with the wildlife 
and its environment. Most of them ere residents of the United 
States, but some are from the Canal Zone or Europe, Following is a 
list of the 61 scientists, students, and observers who, during the past 
year, used the island living facilities and stayed at least one night. 


AnriftJt Dr. and Mra. H., 

Jolmfl Hopkioii University. 

Banting Mr, find Mrs. W. L_ b 
Amsterdam. Hotlnud. 

Barhash, Mi-ss R-t 
SwAFtlunorn College- 
Bartel, Mr. no0 Mrs. J. N„ 

Pomona, Calif. 

Bates, Mr. and Mrs. R. U n 
Exeter, N. fl. 

Blakely. R. L, t 

Lincoln Park Zoo, Cbkago* 
Burrkle, L, H-. 

Army Map Service. 

Burkhart, Mrs. H. H-, 

Sarasota, Fin. 

Burroughs, R, P-, 

Board nf Director?, Pa rain a CaraL. 
Carsou, Dr. and Mr?. EL 1^ 
Washington University, $t. Louis. 
Carter, Mr. and Mrs. X P-, 

Berkeley, Calif, 

Clark, Dr. W., 

Kastman Kodak Co, 

Odnrsen. Mr. and Mrs, B,„ 

General Biological Supply House. 
Cronin Mr. and Mr?. W. J. P 
Pannma P R- P. 

DeuMng, Marl and Don, 

Milwaukee rubllc Mavetitiu 


PrilfdpriE InlfTfit 
Inject cytology. 

Wildlife observation. 

Wildlife studies, 

Bird observation. 

Wildlife observation. 

Wildlife observation. 

Forest koIort, 

Nature writing. 

Wildlife observation. 

Genetics of DrotfopfcJftr- 

Wildlife observation. 

Photographic testa. 

Bird observation. 

Wildlife observation. 

Wildlife pbotoErraphy. 
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Home 

Elsenmaun, Eugene, 

New York City, 

Binders, Dr, R. K. P 
Swarthmore College. 

Fast, A- IL, 

Arlington, Va. 

Forbes, Dr, and lira. A. p 
Milton Mass. 

Fouuuette, ^ ^ 

University of Teias. 

Galler, Dr* S. R.* 

Office of Kami Research. 

Graf p J + E. p 

Smithsonian Institution. 
GreenewoUp G. H-. 

Wilmington* Del. 

Gr£goire p Dr ami Mrs. G., 

BrusHela r Belgium* 

Groncr p Miss D^ 

Los Angeles, Calif. 

Hartman, Zlska, 

Gtalriqui, Panama. 

Heed, Dr. W. B-* 

The Genetics Foundatlon 
H'jwes, P, G-i 

Brace Museum, COMKtLcnt 
Hnghes-Schrader, Dr. S. t 
Columbia University, 

Johnson, Dr. F. TV* 

U- S. Department of Agriculture, 
Johnston, H- R.. 

U, £t Forest Service, 

Kellogg, Dr, Remington, 

Smithsonian Institution. 

Kosan* W. M- p 
Margarita, Canal Zone. 

Lee, Mr, and Mrs, G, E., 

Balboa, Canal Zone, 

Mar*h, Miss R, E. p 
Margarita, Canal Zone. 

McHale, J. F, 

Lincoln Park Zoo, Chicago. 
McBobertA Mr, and Mrs, D., 
Colorado Springs, Colo. 

Musfcerfe, X F^ 

Army Map Service, 

Napier, F. 0., 

FHek Park Museum. Pittsburgh. 
Preston, Dr. and Mrs, F< W„ 

Butler, Pa, 

Reed, llr* and Mw> G- S. P 
Board of Directors, Panama Canal. 
Bettenmejer* C. W-, 

University of Eansas- 


FrfMjHif jn^rU( 

Bird observation- 

Smvey of mammal population. 

Bird observation* 

Wildlife observation. 

Amphibians. 

Investigation of laboratory facilities* 
inspection of facilities. 

High-speed photography of birds. 
Microscopy of Insect blood 
Bird observation. 

Wildlife observation. 

Genetics of DroaOpMla. 

Wildlife photography. 

Insect cytology. 

Arthropods. 

Inspection of termite testa. 

Inspection of facilities. 

Wildlife photography- 
wildlife observe tlon. 

Wlldllfe photography. 

Wildlife observation. 

Mammals, 

Forest ecology. 

Wildlife observation. 

Wildlife observation, 

Wildlife observation. 


Army ants. 
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tfsms 

Reynolds, Dr. Orr E., 

Office of Naval ItoB&aretL 
SdiuU. Lieut Gov, and H. W. p 
Balboa, Canal Zone. 

Smith* V. K,, 

U. S, Forest Service, 

Sonmebom r D, P 
Swarthraore Celled 
Sopcr p Dr. C, 

Eastman Kodak Tropical Research 
Laboratory. 

Btapponbeck* Dr. and Mis. C., 

Lake Junaluska, N, C- 
Stnltz, Mre-O r M-, 

Montebello, Calif, 

Btum* Dr H, p 
Malni r Germany. 

Thurman* E. B. p 

National Institutes of Health, 
Tryon, Dr®. 1L M. and 
Missouri Botanical Garden. 
Ustuger, Dr, and Mrs. K. L. p 
Dnlterslty of California* 

VogeL^r. S. p 
Mainz, Germany. 

Walch, ailsa Q H 
Bwartbmore College 
Ward, Mr. and Mrs, R^ 

Eennett Square, Fa. 

Waterman, M.. 

The Genetics Foundation. 
Weatherwaip Dr. and Mrs, P„ 

Indiana lltiiveraity. 

Weber p Dr. N. A, P 
Bwarthmore College* 

Wetmore, Dr. and Mr®. A*, 
Smithsonian Institution, 

WtLrnar, Mr. and Mrs. H„ 

Walt Disney Productlona r 


rrinrtpat iafmtf 

Investigation of laboratory facilities. 
Wildlife observation. 

Inspection of termite testa* 

Wildlife observation. 

Deterioration studies. 

Wildlife observation. 

Bird observation* 

Plant ecology. 

Arthropods, 

Ferns. 

Insects. 

Plant ecology. 

Wildlife observation* 

Bird photography. 

Genetics of DmopAfra, 

Grasses. 

Fungus-grow lag ants. 

Bird observation. 

Wildlife photography. 


VISITORS 


Visitors for the day were permitted on the island twice a week. 
Most of these were guided on a walk through the forest by the Resi¬ 
dent Naturalist. In all, about 750 visitors, including organized 
groups of Boy Scouts, Girl Scouts, and military personnel, took advan¬ 
tage of the opportunity to spend a day on the island. This increase 
of 310 over last year was primarily due to special charges made on 
an experimental basis to organized groups, particularly Boy and Girl 
Scouts. The visitors are met in the morning by the launch at Frijolcs, 
Then they are taken to the Island, guided on a 3-hour walk in the 
forest, provided with lunch, and returned to Frijoles in time for the 
evening train. In order to aid in accounting for visitors, a system 
of issuing tickets was introduced. 
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RAINFALL 


During the dry season (January through April) of the calendar 
year 1956, rains of 0.01 inch or more fell during 55 days ('27D hours) 
and amounted to 12,53 inches, as compared to 10.78 inches during 1955. 
During the wet season of 1956 (Hay through December), rains of 
0.01 inch or more fell on 215 days (989 hours) and amounted to 101,52 
inches, as compared to 103.62 inches during 1955. Total rainfall for 
the year was 114,05 inches, During 32 years of record the wettest 
year was 1935, with 143.42 inches, and the driest year was 1930, with 
only 76.57 inches. February was the driest month of 1956 (2.11 
inches) and July the wettest (19.5 inches). The maximum records 
for short periods were: 5 minutes 1.30 inches; 10 minutes 1.65 inches; 
1 hour 4.11 inches; 2 hours 4.81 inches; 24 hours 10.4S inches. 


Table 1. — AnmioJ rainfall, Harm Colorado Island, C. Z, 
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TablK 2 ,—Comparison of 1955 and 1956 rainfall, Barro Colorado hfand (ihcJim) 
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Evaporation in excess of precipitation is of greater ecological im¬ 
portance than rainfall alone. To measure this quantity a 4-foot- 
diameter evaporation pan vras installed near the laboratory. "Water 
loss in excess of rainfall for the dry season of 1957 was as follows 
(inches): 

Janoary 3.Gil M&rcli GCS2& 

February 5.344 April &I4G 

The dry season was unusually long and rainfall did not exceed 
evaporation until the last few days of May. For that month the net 
gain was 0.8 inch. 

BUILDINGS. EQUIPMENT, AND IMPROVEMENTS 

The major building project of the year was the construction of a 
12 by-24-foot above-ground wooden house for use of the workmen 
Jiving on the island. This house has shower, toilet, and full concrete 
slab floor at the ground level. The generator house and floor were 
enlarged, and a third diesel generator was installed in this building. 
Near Chapman House a new concrete septic tank was built. In order 
to decrease fire hazard, an isolated gasoline-kerosene storage shed was 
constructed. 

A large part of the work of building a new unloading dock was com¬ 
pleted. The project requires bridging of the mouth of Allee Greek, 
cutting and filling a slope to make a bed for car track and walkway, 
and extending the unloading dock in front of the generator house. 
Completion of this work will permit abandonment of the old wooden 
dock which has been extended again and again because of silting. 

Minor construction and maintenance work included building steel 
and wooden shelves and tables for the darkroom and stockroom in the 
new laboratory; repairing and painting metal cabinets and shelves 
which were badly rusted; painting two launches, the aluminum run¬ 
about, and several of the old wooden buildings; and replacing all 
broken screens. AU this construction and repair work was done by 
Mr. Vltolft and the regular staff of island laborers. 

Among the equipment received on the island was a 14.5 -KW A Cater¬ 
pillar generator. The electric plant now includes three generators, 
each sufficient for all present electrical needs. Additional electrical 
apparatus has increased the danger of fire which would cause ir¬ 
reparable loss of the valuable materials on the island. As an added 
safeguard, 5 CO, and 3 water-pump extinguishers were added to the 
fire- fighting equ ipment. 

Much of the equipment received was for use in the laboratory and 
in scientific work. This included two window air-conditioners, attic 
fans, oscillating fans, study lamps, room dehumidifiers, a laboratory 
refrigerator and freezer, small drying oven, compound and dissecting 
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microscopes, microscope lamp, binoculars, a spotting telescope, port¬ 
able typewriter, 44iy-5 Crown Graphic camera, tripod, telephoto lens, 
exposure meter, photographic enlarger, projection screen, thermo- 
graph, hygrograph, small and large live-mammal traps, insect nets, 
and a metal label embosser. Some of this equipment was donated by 
the General Biological Supply House. Many needed reference books 
and a subscription to Ecology were purchased. To facilitate shoreline 
exploration, two 12-foot cayucos were acquired. 

James Zetek, soon after his retirement, gave to the island most of his 
extensive biological library* This created the major task of transfer¬ 
ring hundreds of books and reprints front the Balboa Office to Barro 
Colorado Island* With the former island library these publications 
are now shelved in dehumidified rooms of the new laboratory. One 
large room of the laboratory is used as a stockroom for supplies which 
scientists may borrow. Almost the entire present stock of vials, flasks, 
graduates, and other laboratory glassware, as well as most of the 
chemicals, was donated by Mr. Zetek. The herbarium, bird skins, 
and alcoholic collections were also moved to the new laboratory. Now 
all indoor scientific work may be carried on in this one building, well 
separated from eating, sleeping, recreational, and other living areas, 

The administrative office was moved from Mr. Zetek'S house in Bal¬ 
boa to a building in nearby Diablo Heights. 

PLANS AND URGENT REQUIREMENTS 

Inasmuch as the large wooden water-storage tank near the kitchen 
may not last even a few more years, the possibility of supplementing 
stored rainwater with spring water during the dry season has been in¬ 
vestigated. A spring was located about 1,000 feet from the concrete 
water tank at the new laboratory, and 40 feet above the level of this 
tank. As this spring continued to run throughout the abnormal dry 
season of early 1957, it should be enclosed and the water piped to 
the concrete storage tank* It is doubtful, however, that this addi¬ 
tional water supply will eliminate the need to replace the wooden 
water tank. But, with the spring water, a moderate-sized replace¬ 
ment tank may suffice. 

The short bridge from the Frijoles dock to the shore must be re¬ 
built. Materials have been obtained. Most of the ties forming the 
walkway from this dock to the railroad station need replacement. The 
trackway from dock to station should be straightened and lengthened, 
to facilitate the handling of heavy loads* An unloading ramp to aid 
in carrying gravel, machinery, and other heavy materials from a 
freight car to the launch is also needed at Frijoles, 

Among other projects planned for the coming year on Barro Col¬ 
orado Island are the following: completion of bridge, trackway, and 
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unloading area of new dock; overhaul of gasoline winch engine; 
sheathing the ceiling of the lower floor of the new laboratory, strength¬ 
ening hallway floor of new laboratory| insulating two rooms of lab¬ 
oratory for efficient air conditioning; construction of dothes-chang- 
ing rooms at dock level; partitioning the old Zetek office into a sepa¬ 
rate living apartment and storeroom; construction of drying rooms in 
the old and new laboratories; addition of dry closets to the Z-M-A 
and Barbour houses; installation of shower and toilet in Barbour 
house; installation of shower in Chapman house; rebuilding of dock 
at Drayton trail-end house; and replacement of termite-eaten timbers 
of Chapman House. 

From the foregoing plans it is apparent that our present labor 
force of one foreman and two laborers is totally inadequate, consider¬ 
ing that these men must also operate the launches* haul supplies, keep 
the trails clear, guard against poachers, dispose of refuse^ and perform 
other maintenance chores. Ways must be found to augment the labor 
force with contractual labor, or to increase funds for adding other 
laborers to our staff. Shortage of labor* especially of skilled type, is 
the greatest hindrance to proper maintenance and to completion of 
the construction program, 

OUTER ACTIVITIES 

The United States Forest Service made final inspection of alt ter¬ 
mite-resistance tests on the island, with the exception of Drayton trail- 
end house. Completion of these tests leaves the way clear for the re¬ 
pair or reconstruction of some of the former test houses, if there is 
demand for their use. 

To aid 1-day visitors and naturalists who visit the island, informa¬ 
tion leaflets were prepared and multilithed for distribution. 

More than 1,000 identified plant specimens were mounted on her¬ 
barium sheets by women of the Canal Zone College Club, under di¬ 
rection of Mrs. C. B. Koford. These women also bound reprints, 
sorted publications, and performed other helpful tasks, voluntarily. 

To inaugurate population studies on the island many vertebrates 
were captured, banded or otherwise marked, and released. These ani¬ 
mals included more than 100 birds of 31 species, 58 mammals of 11 
species, and several reptiles and amphibians. Birds and bats were 
banded with regulation Fish and Wildlife Service bands. 

As part of long-range ecologic studies of forest vegetation, the 
Naturalist, aided by Joseph Musteric of the Army Slap Service, 
staked out two permanent transects 200 feet in length, plotted the 
forest profiles, and measured the diameter of the trees. Many more 
transects should be established, and the vegetation remeasured at in¬ 
tervals of a few years. Many plants, animals, and scenes were photo- 
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graphed in color for a permanent file of 3-x-2-inch slides. These will 
be used on the island as orientation and identification aids and as a 
record of habitat conditions. 

Tlie major ornithological event of the year was the discovery in 
January of a young king vulture (Sarcoramphus papa), stiU largely 
covered with down, on the forest floor. Heretofore little was known 
of the nesting and young of this huge spectacular bird. Also of note 
was the return of the oropendolas (Zarhynclius wagleri) to a con¬ 
spicuous nesting site in the laboratory area, Twenty nests were con* 
structed above the Kodak Test Table Building. 

Principally through use of mist nests, the number of species of 
bats known to occur on Barro Colorado Island was increased from 
17 to 28. These bats included two species apparently not previously 
recorded for Panama {Centudo senex and Micronycteris kirsuta ). 
Including these, and deleting a few old, unconfirmed, or unnatural 
reported occurrences, the number of species of mammals known to 
occur on Barr© Colorado Island is 70. 

FINANCES 

Trust funds for maintenance of the island and its living facilities 
are obtained by collections from visitors and scientists, by table sub¬ 
scriptions from institutions, and by other donations. The table sub¬ 
scriptions were greatly appreciated as they helped to defray the cost 
of maintaining the island facilities. Organizations that continued 
their subscriptions, and the amounts donated, are as follows: 

Eastman Kodak Co_.__________ $1,000.00 

New York Zoological Society_______ ’ 3^ qq 

Smithsonian Institution.._______ _ ___ 3^ qq 

Donations are also gratefully acknowledged from Blair Coursen, 
Eugene Eisetunann, C, M. Goethe, Frank Hartman, and F. W. 
Preston. 
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Report on the International Exchange 

Service 


Sms I have the honor to submit the following report on the ac¬ 
tivities of the International Exchange Service for the fiscal year 
ended June 30,1957: 

The Smithsonian Institution is the official United States agency 
for the exchange with other nations of governmental, scientific, and 
literary publications. The International Exchange Service, initiated 
by the Smithsonian Institution in the early years of its existence for 
the interchange of scientific publications between learned societies 
and individuals in the United States and those of foreign countries, 
serves as a means of developing and executing in part the broad and 
comprehensive objective, ££ the diffusion of knowledge/ 1 It was later 
designated by the United States Government as the agency for the 
transmission of official documents to selected depositories throughout 
the world, and it continues to execute the exchanges pursuant to 
conventions, treaties, and other international agreements. 

The number of packages of publications received for transmission 
during the year increased by 43,184 to the yearly total of 1,205,039, 
and the weight of the packages increased by 24yS41 to the yearly total 
of 827,397 pounds. The average weight of the individual package de¬ 
creased to 10,99 ounces as compared to the lU4^ounoa average for 
the fiscal year of 1956. 

The publications received from foreign sources for addressees in 
the United States and from domestic sources for shipment abroad 
are classified as shown in the following table : 
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The packages of publications a to forwarded to the exchange bu¬ 
reaus of foreign countries by freight or, where shipment by such, 
means is impractical, to the foreign addressees by direct mail. Dis^ 
tribution in the United States of the publications received through the 
foreign exchange bureaus is accomplished primarily by mail, but by 
other means when more economical. The number of boxes shipped to 
the foreign exchange bureaus was 3,132, or 53 more than for the pre¬ 
vious year. Of these boxes 911 were for depositories of full sets of 
United States Government documents, these publications being fur¬ 
nished in exchange for the official publications of foreign governments 
which are received for deposit in the Library of Congress, The 
number of packages forwarded by mail and by means other than 
freight was 208,503* 

There was allocated to the International Exchange Service for 
transportation $10,900. With this amount it was possible to effect 
the shipment of 859,071 pounds, which was 2I,S&3 pounds more than 
was shipped in the previous year. However, approximately 10,510 
pounds of the full sets of United States Government documents accu¬ 
mulated during the year because the Library of Congress had requested 
suspension of shipment to certain foreign depositories. 

During the year ocean freight rates per cubic foot increased from 
the June 30,1956, average of $1.28 to $1.4&4. However, about a fourth 
of the cost of this increase will be offset by a reduction on June 13, 
1957, of approximately IT percent in the truck rates to the Baltimore 
piers. 

The total outgoing correspondence comprised 3,406 letters, exclusive 
of information copies. 

With the exception of those to Taiwan, no shipments are being 
made to China, North Korea, Outer Mongolia, Commumst~cont rolled 
area of Viet-Nam, or Communist-controlled area of Laos. 

Shipping arrangements were completed with the newly established 
Rumanian International Exchange Service and the first postwar 
shipment was made to Rumania on November 29* 

With certain exceptions the regulations of the Bureau of Foreign 
Commerce, Department of Commerce, provide that each package of 
publications exported bear a general license symbol and the legend, 
“Export License Not Required , n The International Exchange Serv¬ 
ice accepts for transmission to foreign destinations only those packages 
of publications that fall within the exception and those packages of 
publications to which the general license symbol and legend have been 
applied by the consignor, 

FOREIGN DEPOSITORIES OF GOVERNMENTAL DOCUMENTS 

The number of sets of United States official publications received 
by the Exchange Service for transmission abroad in return for the 
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official publications sent by foreign governments for deposit in the 
Library of Congress is now 105 {62 full and 43 partial sets)* * listed 
below. Changes that occurred during the year are shown in the 
footnotes, 

DEPOSITORIES OF mi SETS 

Abcestisa: Division Blblloteea, MluMefb de Relnoioues Eiterlorea y CultO H 
Buenos Alrea. 

AtTBTHJilA: Commonwealth Parliament and National Library, Canberra. 

New South Wales: Public Library of New South Wales, Sydney, 
QumSublahs: Parliamentary Library, Brisbane 
South Australia: Public Library of Sunth Australia, Adelaide. 
Tasmania; Parliamentary Library, Hobart, 

Victoria: Public Library of Victoria, Melbourne. 

WESTEBPf Ausmm: Public Library of Western Australia, Perth. 
Austria: Administrative Library, Federal Chancellery, Vienna, 

Eecc-gium: Blblluth&qne Royals, Bruxelles, 

FSeaztl: Blblioteca Nactal, Rio de Janeiro. 

Euloaeia : Bulgaria n Bibliographical Institute, Sofia/ 

Bmu: Government Hook Depot* Rangoon, 

Canada: Library of Parliament* Ottawa, 

Manitoba : Provincial Library, Winnipeg. 

Ontario: Legislative Library, Toronto. 

Quebec: Library of the Legislature of the Province of Quebec. 

Ceylon: Department of Information, Government of Gey loti, Colombo. 

Cutle; Bibllotcca National, Santiago. 

China: National Central Library, Taipei, Taiwan, 

National Ghengchl University, Taipei. Taiwan. 

Colombia: RJblioteca Naclonal, Bogota. 

Costa Rica: Biblloteea National* San Jos£. 

Cuba: Ml ulster Eh do Ffstado, Can Jo Interoaclonal, Babnna. 

I 'zechosijovakia: National and Uui™*lty Library, Prague, 

Denmark: lns(L tut Danois des ficbnnges Interna tiommx, Copenhagen. 

Eotpt: Bureau dea Publications. Ministers des Finances, Cairo. 

FiKLAsrn: Parliamentary Library * Helsinki. 

France: EEbllotbfrqua National^, Part®, 

Germast; Deutsche StaatsblbUothek* Berlin. 

Free University of Berlin, Berlin, 

Parliamentary Library, Bonn. 

Cheat Britain : 

England: Erltlab Museum r London. 

London : London School of Economics and Political Science. (Depository 
Of the London County Connell.) 

Buwoart; Library of Parliament, Budapest 1 
India; National Library, Calcutta, 

Central Secretariat Library, New Delhi, 

Indonesia; Ministry for Foreign Affairs, Djakarta. 

Ireland: National Library of Ireland, Dublin. 

Ibeail: State Archives and Library, Haklrya, Jerusalem/ 

It alt; Minlaterlo della Pubbllca Intrusion** Rome. 

Japan: National Diet Library, Tokyo.* 

1 Shipment Fuppcndcd. 

1 Cbicf^ from Government Archlm and Library, Hillm, Til Aviv. 

*EmlTCl tWO KtA 
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Mexico : Secretary de Reluclones Extcnores, Departamento de In form elfin para 
el Eitranjero, Mexico, D. F* 

Netherlands: Royal Library, The Hague. 

New Z&aland; General Assembly Library, Wellington. 

Norway: LUenrlksdepiirtmentets Biblfotbek, Oslo. 

Peru: Secciftu de Prujmganda y Publieaelones* Mlnlatetlo de HeEaelones Ex- 
teriores, Lima. 

PniumNEs; Bureau of Public Libraries, Department of Educe Elen. Manila. 
Poland: Bibllotbfeqne National e, Warsaw . 1 
Foetl’qal: ElbUoleca National, Lisbon, 

SpAjtf: BibUoteca National, It ad rid. 

Sweden: Kuhgtlga Bjbliotekot. Stockholm. 

Switzefiland: Blblf ath&que Cehtrale Ffidfirnle, Berne, 

Turkey : JJciwrtment of Printing and Engraving, Ministry of Education, 
Istanbul. 

Union oi* South Africa: State Library, Pretoria, Transvaal. 

Union or Soviet Socialist Republics: All-Union Lenin Library, Moscow, 
United Nations: Library of the United Nations, Geneva, Switzerland. 
Uruguay: Olklna de Canje luteraaelonul de Pnblkadones, Montevideo, 
Tekscjcu.: BibUoteca National, Caracas. 

■Yugoslavia: Blbllogr&fskl Institute Belgrade. 1 

DEPOSITORIES OF PARTIAL SETS 

Afghanistan : Library of the Afghan Academy, Babul. 

Anglo-Euyptian Sudan : Gordon Memorial College, Khartoum. 

Bolivia: Blblloteca del MlnEsterlo de Kelaciones Exteriors y Culto, La P qz. 
Bbazil: 

Minas Gerais: DIrectorla Goral de Estatfstica em Minas, Edo Horizonte. 
Brjtiom Guiana: Government Secretary T s Office, Gcorgetown h Demerara. 

Canada: 

Aram: Provincial Library, Edmonton. 

British Columbia: Provincial Library, Victoria. 

New Brunswick : Legislative! Library, Fredericton. 

Newyounoeand: Department of Provincial AJTalra, St John's. 

Nova Scotia: Provincial Secretary of Nova Scotia, Halifax. 

Saskatchewan: Legislative Library, Keglun. 

Dominican lttFCDLia: Blblloteca de In Universldad dc Santo Domingo, Ciudad 
TrnjlUo. 

ECUADOR: BibUoteca Nacionnl, Quito. 

El Sat vadob : 

BibUoteca National* Safi Salvador. 

Mtnlstorlo ile Belaclones Extoriores, San Salvador, 

Greece: National Library, Athens. 

Guatemala: BibUoteca National, Guatemala. 

Hafti: BlhUofMqixe Nationals, Port-au-Prince. 

IIondltbas : 

Blblloteea y Archive Xaclonnles, Tegucigalpa. 

MlnlBterla de Re ta clones Exterlores, Tegucigalpa. 

Iceland: National Library, Reykjavik. 

India: 

Bom&ay: Secretary to the Government, Bombay. 

Biham : Revenue Department, Patna. 
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I NutA—Continued 
L’ttau FIupcsh: 

Lit lv-r r^ity of A Hahn had. Allahabad. 

Secretariat Library, Uttar Pradesh, Lucknow. 

West Bengal: Library, West Bengal Legislative Secretariat, Assembly 
House, Calcutta, 

I R.A a : Imperial Ministry of Educatjou, Tehran. 

Iraq : Public Library, Baghdad. 

Jamaica : 

Colonial Secretary, Kingston. 

University College of the West Indies, St Andrew. 

Leda^qk : American University of Beirut* Beirut 
Lieebia; Department of State, Monrovia. 

Maiata: Federal Secretariat Federation of Malaya, Kuala Lumptlr, 

Malta: Minister for the Treasury, Valle ta. 

Nicaragua: MinEsterio de Reiuciones Ejctonoros, Managua. 

Pakistan : Centro I Secretariat Library, Karachi. 

Panama : Min icteric dc RelacJonee Evterlores, ranamJL 

Paraquat: Minlstcrlo de Roluclones E.vteriorcs, Sect'ion BibUolem, Aktincliiti- 
Philippines: House of Rep resen tot Ives, Manna : * 1 
Scotland: National Library of Scotland, Edinburgh. 

Sum : National Library, Bangkok. 

Stlfti afore: Chief Secretary, Government Offlcea, Singapore. 

Vatican Crrr: BlhLloteca Aspostolka Vatlcana, Vatican City. 

interparliamentary exchange of the official journal 

There are now being sent abroad 77 copies of the Federal Register 
and 5& copies of lhe Congressional Record. This is an increase over 
the preceding year of 1 copy of the Federal Register and 1 copy of the 
Congressional Record, The countries to which these journals are be¬ 
ing forwarded are given in the following list: 

DEPOSITORIES Of CONCRESSlOMAL RECOUP AND HDXUL REGISTER 

Argentina : 

Biblloteca del Podcr Judicial, Mendoza . 1 

Solatia Odoial de la Rcptibllca ArEcnliaa, Ministers dc Justiea e Instrue- 
eitfu PdblEca, Buenos Altos. 

Centura de Diputados Oflctua da InforuiHci^n Parlamentarla* Buenoc Aire*. 
Australia : 

Commonwealth Parliament and National Library, Canberra. 

New South Wales: Library of Parliament of Now South Watca, Sydney, 
Queensland: Chief Secretary's Oflfes, Brisbane. 

Victoria: Public Library of YlcEbrla, Melbourne , 1 

'Wwtmx Australia: Library of Parliament of Western Australia, Perth. 
Bha7.Il: Secrets via de Prcstdenclfl. Rio de Janeiro.* 

Bourn if Hon-dubas: Colonial Secretary* Belize. 


* Addf d during the 
1 Fttltnl Register emir, 

1 Cenpr«#iatUl m-turd on If. 

a——is 
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Canada: 

Library of Parliament, Ottawa. 

Clerk of the Senate, Houses of Parliament, Ottawa. 

Cetlon ; Ceylon Ministry of Defense and External Affairs, Colombo. 

China: 

Legislative loan, Taipei, Taiwan. 

Taiwan Provincial Government, Taipei , Taiwan. 


Cuua: 

Blbllotfcca del CnpttallOp Habana. 

BibLEoteca Fdbllea PnimmerleiUia, Habftnn.* 

OaEtHtisLovAKi a: Cenkualcivenska Akudemle Vcfl, Prague*• 

Eovft: Ministry of Foreign Affairs, Government. Cairo. 

FIance: 

BiblloLbenue Assouibllc National e h Paris, 

Eibnothfcquo Consdi de la Rtpublique, Parts. ^ 

Library, Organization for European Economic Cooperation, Paris. 
Research Department, Council of Enfupe, Strai-I^un:. 

SerTk-e dc la Documentation £traug*re a Asaembl£e National*. Peris. 

Gray ant: ^ . , 

Amerika4 nstitut der 1-elvers Edit Munches MOnrhen. 


Archlv, Deutselier Enadosrat, Bonn. 

Bibllothek der iustltuts fUr Wettwlrtschaft an 


der Cnivertiltat Kiel, Kiel- 


Wlk- 

Rlbllotbek EEeaslscher Landtag, Wiesbaden. 

Der Bayrlseho Landtag, Munich” 

Dautfcbeo I ns tl tint fur Reehtswi^nschaft, Potsdain-Bebeiiborg II. 
Doutscber Buntlearat, Bonn * 

Deutscber Bundestag, Eoml 1 

Hambrtrgtsciios Welt-WlrtMtaftfl-Arehlv p Hamburg, 

Ghana : Chief Secrete ry’a Office, Accra.* 

Gbeat Bbitain : 

Department of Printed Books, British Museum. London, 

House of Commons* Library, London . 1 
Primed Libra ry of the Foreign Office, Tendon. 

Royal Institute of International Affnirs, London,* 

Gkeece : BlbUotblsiue, Chambre des DdpmtflB Hellilnlque, Athens. 
Guatemala : RlbUoteca dela Asnmblea LegiKlatlva k Guatema!a- 
Haiti : BiblLotM^ue NnttfiJMle, Port-au-Prince, 

BoNCtmAsi Biblloteca del Co&greso National, Tegucigalpa, 

Humoaby: Notional Library, Budapest- 

India: „ . 

Civil Secretariat Library, Lucknow, United Provinces. 

Indian Council of World Affairs, Now BeUiL 1 

Jammu and Kashmir Constituent Assembly. Srinagar . 1 

Legislative Assembly, Government of Assam, Shillong.* 

Legislative Assembly Library, Lncknew, United Provinces. 
Legislative Assembly Library, Trivandrum * 

Madras State Legislature, Mndraft* 

Parliament Library, New Deihl- 
Servantaof tndln Sodety, Poona* 


1 Thrift 
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lEEULtifr ; Dali Eirennn, Dublin. 

Iseael : Library of the Knesact, Jerusalem. 

Italy : 

BUjllotMi Camera del Deptitatb Rome. 

BlbUoteea del Sena to della Republic!. Rome. 

European Office, Food and Agriculture Or&ftnteatioa of the United Nation* 
Rome! 

International Institute for the UntflcaUon of Private Rome, 

Jafaft: 

Library of the National Diet, Tokyo- 
Ministry of HHU1C«, Tokyo. 

Jow^x: ParSlament of the Hashemite Kingdom of Jordan. Amman* 

Korea: Secretary General. National Assembly, Pusan. 

LnxEMoOUaa : A&Bemblfe Coinmnnc de la C- E. 0 . A-. Luxembourg, 

Mexico: 

I>i reed On General information. Seerctarta do Gobernaddn* MOxleo* D, F< 
BfbHoleca Benjamin Franklin, Mexico, D. F, 

AadAflCAOE3fTE9t GoberoRdo? del Estado de Agussealientc* Agnascallontes, 
Baja Caufossia; Gobernador del Distrito Norte, Mey kali. 

Campeche; Gobemrtilor del Estado de Campeche^ Campeche. 

CiiiAPia : Gobernador del Estndo do Chiapas, TuxtLi Guitl4rrt}3L 
Chi MB ah i? a : Gobernador del Data do de Chihuahua. Chihuahua- 
Cqahbb-a: FerlAdlco Oildai del Estndo de Coahulia. Palflclo do Gobicrno* 
Saltillo. 

Pitmii » Gobertiador del Estado de Colima, Colima. 

Gbaitajuato: Secretsrla General de Gobiemo del Eat&do. Guanajunto! 
JaUsco: BlblLotecn del Estado, Guadalajara, 

M£x iooi Gacetfl del Gobterao P Toluca* 

MjceoacAm: Secretaria General de Geblemo dd Eatade de Mkhoacftn, 

Morelia. 

M oiielob : Palaclo do Gobieruo. Cuemnxaea, 

Xayaeit: Gobernador de Noyarit, Teplc. 

Nuevo lab *: BIMloteea del Eslado. Monterrey. 

Oaxaca: Perlddlco OflclnL Palatilo de GoMerno. Oaxaca! 

Podu : Secretarln General do Qoblemo, Puebla, 

Queb^tauo: gecretarla General de Goblerno, ScceSOn de Archive, Quertflaro. 
Sfjf aida ; Gobernador del Estndo de Sinaloa, CuliaeAn. 

Sonora: Gobernador del Estado de Sonora* HermoRlUo. 

Tam acljcpas' Sec re Cano General de GoblemOj, Victoria. 

VERAcnnz: Gobernador del Estado do Vertcni* Depart* men to do Gober- 
naelfin y Jusfckia, Jnlapft. 

TucatAh : Gobernador del Estndo de YucatAn* Mdrlda, 

Netherlands : Konlnklijke Bibllotbeek. The Hague , 4 
New Zialasb ; General Assembly Library. W eJISngton. 

Nob wat : Library of the Norwegian Parliament, Oslo. 

Fa2TU£a: Biblloteca National. Panama City! 

Fou^n: Knnrekrla R*dy t rnastwii, Rlblloteka Sejmova. Warsaw 
PoetcoBESe Timor : Rcijartkflto Central de Admlnlstra^o Civil, DILI, 
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Swrrzis&LAJso: Blhliotli^qne, Bureau International du Travail, Geneva* 
International t4ibor Office* Geneva. 11 
Library* United Nations, Genera, 

Uniox of South Africa : 

Cape of Good Hope : Library of Parliament, Capa Town. 

Transvaal: State Library* Pretoria. 

Ukiox of Soviet Socialist Republics; Fundamcntarniia BlbHoteka Obschest- 
vennykb Natik, Moscow. 

UauouAT : Diaria Often!, Florida 11TB* Montevideo. 

FOREIGN EXCHANGE SERVICES 

Exchange publications for addresses in the countries listed below are 
forwarded by freight to the exchange services of those countries, 
Exchange publications for addresses in other countries are forwarded 
directly by mail, 

LIST OF EXCHANGE SERVICES 

Iustiia : Austrian National Library, V ienna - 

Services des Rcbanges Io^rimtioimux^ Blbllothlque Boy ale de Bel¬ 
gique, Bruxelles, 

Cum a.; National Central Library, Taipei, Taiwan, 

Czechoslovakia : Bureau of International Exchanges, University Library, 
Trappier 

Denmark : In si hut Pimois des ^changes InternatLonaux, BHillOtTi^tic Kay ale. 
Copenhagen, 

Egypt r Government Pro*s, Publications Office, Bultiq, Cairo. 

FtKLAPfo: Delegation of ibe Scientific Societies, Helsinki. 

France: Service des fk’hungeH Internationally BII>llQtb&p§ Nationals Parts, 
Gebmasy (Eastern); Deutsche Stanishlbliotbeh, Berlin. 

Germany (Western): Notgemeiajch^ft dec Deutaehen Wlssensehaft* Bad 
Godedben, 

Huxo art i National Library, Ssdchdnyj, Budapest 
India: Government Print Eng and Stationery, Bombay, 
iFDOimu: Minister of Education* Djakarta. 

Israel : Jewish National and University Library, Jerusalem. 

Italy: Uifieio degli Scambl Internazionall, Mlnlstero della FnbblJcn Istruztone, 
Rome- 

JapaS : Division of International Affairs, National Diet Library, Tokyo. 
Netherlands: International Exchange Bureau of the Netherlands, Royal Li¬ 
brary, The Hague- 

New Sot^te Wales: Public Library of New South Wales, Sydney. 

New Ztuiirp; General Assembly Library, Wellington. 

Norway : Service Xorvtgten ^changes Internatlimaux, Bibllfltb£que de 

Pltnlverstt^ Hoyale, Oslo. 

Philippines:: Bureau of Public Libraries, Department of Education, Manila. 
Poland: Service Polonnis des Rchnngcs Intemnllonaux T HLhlUitb&quc Natlonale, 
Warsaw. 

Port dual t Sccc3o do Troms TnteranclonnK BsbUofcea National* Lisbon, 
QuEETBi-AtfD; Bureau of International Exchange of Publications, Chief Secre¬ 
tary's Office, Brlsbane. 


1 Two 
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Rumania; International Exchange Service, Blbllolecs. Central* do Stai, Bu¬ 
charest. 

South Ann caLIa; South Australian Government Exchange* Bureau, Govern¬ 
ment Printing and Stationery Office, Adelaide* 

SfaIs* : Junta de Intercamblo y Ad(|ulHieiftn do Libras y Revijita-H imm BiblEute 
eyas ruMkaa, MLnlsterlo de Education National, Madrid. 

Sweden : EunKliga Rlbllolefcet, Stockholm. 

Switsehlasd: Service Suisse dcs ftcb&agea International!^ filbllothfrine Oen* 
Irak- Fed rale, Pa ill is Ffrldral, lieme. 

Tasmania: Secretary of tlio Premier, Hobart. 

TmtKET: National Library, Ankara . 1 

Union op South Antic a : Government Printing and Stationery Office* Ca\*e 
Town. 

Union of Soviet Sociaust fiiftffiOGJS: Bureau of Book Exchange, Stale l^nln 
Library, Moscow. 

Victoria: Public Library of Victoria, Melbourne. 

Western AfstRAtiA: State l-Uirary of Western Australia, l’crtli ” 

Yugoslavia : BlbUomfikt Iustltut FXRJ. Belgrade. 

Respectfully submitted. 

D, G. Williams, Chief . 

Dr. Leonard Caujiichael, 

Secretary, Smithsonian Institution. 


* Chan wm! Ffeia SSlBi&lry of Education. InfanbuT. 

M Cbanfiffil f ro-ni Public Library of Western AutnlU. I’ctli. 




Report on the National Gallery of Art 

Sir i I have the honor to submit, on behalf of the Board of Trustees* 
the 20th annual report of the National Gallery of Art for tho liscal 
year ended June 30, 1957. This report is made pursuant to the pro¬ 
visions of section 5 (d) of Public Resolution No P 14, 75th Congress, 
first session, approved March 24* 1937 (50 Stat. 51) . 

ORGANIZATION 

The statutory members of the Board of Trustees of the National 
Gallery of Art are the Chief Justice of the United States, the Sec¬ 
retary of State, the Secretary of the Treasury, and the Secretary of 
the Smithsonian Institution, ex officio. On May I* 1957, Chester 
Dale was reelected a general trustee, of the National Gallery of Art 
to serve in that capacity for tho term expiring July 1, 1907. Mr, 
Dale was also reelected by the Board of Trustees on May 2, 1957, to 
serve as President of the Gallery, and Ferdinand Lamsnot Bel in was 
reelected Vice President. The four other general trustees continu¬ 
ing in office during the fiscal year ended June 30, 1957, were Ferdi¬ 
nand Lammot Bolin, Duncan Phillips, Paul Mellon, and Rush H- 
Krcss, 

On September 13* 1956, the Trustees of the Gallery elected Perry 
B. Cott as Chief Curator and Mrs. Fern R. Shapley as Assistant 
Chief Curator. At this same meeting the Trustees approved the 
appointments of William P. Campbell as Curator of Paintings and 
John E + Pancoast as Registrar, 

The executive officers of tho Gallery as of June 30* 1957 t are as 
follows: 

Huntington Cairns* Huntington Cairns* General Coufiset- 

urer. Perry B. Cott^ Chief Curator. 

John Walker, Director, UtGgOl James, Assistant Director. 

Ernest K. Fefdler, Administrator. 

On July 1,1957, Macgill James retired as Assistant Director of the 
Gallery, 

The three standing committees of tho Board, as constituted at tho 
annual meeting on May 2,1957, are as follows: 

EXECUTIVE COMMITTEE 

Chief Justice of the United States, Secretary of the Smithsonian Institu- 

Earl Warren, ChftlrmaiL tiou. Dr. Leonard CarxniehaeL 

Chester Pale* Vice Chairman. Paul MeUoa, 

Ferdinand Lammot Bello. 
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usance committee 


Secretary of the Treasury, 

GeorsQ U r Humph rey h Chairman. 
Chestor Dale, Vice Ohalrmim 


Secretary of the- Smithsonian Institu¬ 
tion, Dr. Leonard CftnulohaeL 
Ferdinand. Lam mot Bolin, 

Pa til Mellon. 


ACQUISITIONS COMMITTEE 


FerdLnnml LammOt Bolin, Chairman, Paul Mellon. 
Duncan Phillips. Joha WlUWTt 

Chester Dale. 


personnel 


On June 30, 1957, full-timo Government employees on the staff of 
the National Gallery of Art numbered 313 as compared with 312 as 
of June 30, 1956. The United States Civil Service regulations gov- 
em the appointment of employees paid from appropriated public 
funds* 


APPROPRIATIONS 


For the fiscal year ended June 30, 1057, the Congress of the United 
States in the regular annual appropriation for the National Gallery 
of Art provided $1,505,000 to be used for salaries and expenses in 
the operation and upkeep of the Gallery, the protection and care of 
works of art acquired by the Board of Trustees, and all administra¬ 
tive expenses incident thereto, os authorized by Joint Resolution of 
Congress approved March 24, 1937 (20 U, S, C. 71-75; 5f) StaL 51). 
Congress also included in a supplemental appropriation act $30,000 
to cover (a) the additional cost of steam for heating and air-condi¬ 
tioning the Gallery, which cost exceeded the original estimate of 
General Services Administration by $18,000; (b) the increased cost 
of electric current ($3,800), and (c) the increase of salaries of em¬ 
ployees whose rates of pay were adjusted as of December 2,19o6, by 
TVugo Board determination nuclei* authority of Public Law 763, BrM 
Congress ($3,200). The total appropriation for the fiscal year was 
$1,535,090. The following expenditures and encumbrances were 

incurred t 

Personal services (including J113 0SS.28 for guard protection)-*1, 

Other than personal services---——— 24l( j!' 

Unobligated balance---—--- 


Total_ 


1,932,000.00 


ATTENDANCE 

There wero 942,106 visitors to the Gallery during the fiscal year 
195T as compared to an attendance of l f 0l3£46 for the fiscal jear 1950* 
The average daily number of visitors was 2,590. 
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ACCESSIONS 

There -were 650 accessions by the Rational Gallery of Art as gifts, 
loam, or deposits during the fiscal year. 

GIFTS 

During the year, the following gifts or bequests were accepted by 
the Board of Trustees: 

PAtVTlNCS 


DffNOT 


Ariiat 

THU 

William Robertson Coe_„„ 

Renoir. __ 

Girl with a Basket of Fish. 

William Robertson 

IienoIr„,,_,_ 

Girl with a Basket of 
Granges. 

Lewis Einstein_ 


Fragonard_,._, 

Adoration dhin trone. 

Lewis Einstein-__ 


School nf Antwerp.. 

Gooeen van Botibujoen, 

Lewis E mates a.__. , 

. 

Greco-Egypt]an. _ 

Portrait of a Woman. 

Howard Bturgee.__ 


Gainsborough__ 

Shepherd Boys and Dog 
Sheltering from Storm. 

Howard Eturgcs_ 


Guardi_ 

Gutel Sant p Angelo, 

Howard Surges_ 


Shee. .-___ 

The Earl of Beverley. 

Howard Sturgea ^ 

. 

Shce. 

The Countess of Beverley, 

Howard Eturges...... 


Hoppntr...,_... 

Portrait of a Man. 

Miss Edith Reynolds ,, 


Hinri__ 

Edith Reynolds. 

Horace Havemeyer_ 


MSBflt_ „„_ 

Garc Esin t-Las are. 

Col. and Mrs, E. W. 

Gar- 

Haddington _ 

Fat her and Eon.. 

bisch. 

CoL and Mrs. E, W. 
biaeh. 

Gar- 


The Connecticut River Val¬ 
ley* 

CoS. and Mrs. E* W T 

Car- 

Field—... 

Ark of the Coveh&nt. 

bisch + 

CoL and Mrs. E. W. 
blsch. 

Gar- 

Hoshagen , _ _ 

Ship Arkansas Leaving 
Havana, 

Col. and Mrs* E. W„ 

Gar- 

Mac Kay _ _ 

Catherine Brower. 

bisch T 

CoL and Mrs. E* W. 

Gar- 

Ropes„^ * 

Mount Vernon. 

bLscb. 

CoL and Mrs. E. W. 

Gar- 

Unknown.,,,- ____ 

Boy and GErL 

biseb. 

Col, and Mrs. E + W + 

Gar- 

Unkn own ...._... 

Brothers, 

biech. 

Col. and Mr*. E. W. 

Gar- 

Unk nawn,* 

Miss Daggett, 

btsch. 

CoL and Mrs. E. W. 
biech. 

Gar- 

Unknown.___ 

Landscape with Group of 
Buildings. 

Col. and Mrs, E. W. 

Gar- 

Unknown. .... 

Woman Taking Footbath, 

blfieb. 

Cel. and Mm. E. W. 

Gar- 

Unknown..,,- -- - 

Washington, the Mason. 

bisch. 

CoL and Mrs, E. W. 

Gar- 

Unknown _ ....... 

11 We Go for the Union* 1 * 

bifioh. 

Col. and Mm. E, W, 

Gar- 

Vnnderlyp, *ttr. to._ 

Miss Van Alen. 

biach. 
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Donor 

Alexander D, Thayer—. 
Wiltmm Nelson Cromwell— 
George MaiUacw Adams,,, 

Katharhic Huiaon Horslick., 
Kntharin e I1 usson H orst ick , 
Albert M. Friend, Jr— 
Albert M. Friend, 

Avalon Foundation. _- 

Curt H. Refetaffer-— 

Curt H s KcSHingor-----— 
Curt H. lteisinger- 


George Matthew Adams-.. 
Misa Sy m a Ruaiel _ _ .-- 


Mellon Collection------- 

Mrs, Andrew Carey- 

Herbert and Claiborne FcP- 
Mrs, Roger H, Flowden_-- 
H award Sturgee, „ — 

George Matthew Adams.., 
William Robertson Cot-— 
Leivb Einstein*._ 


PA INTI NG.5—Cow stn«A 


Artist Till# 

n arding, „ _ _ - _ Char tea Carroll of Carrol] ton■ 

Goja..— _ ..... Victor Guye. 

Lcgros _ „_ ..... Memory Copy of Holbein's 

Erasmus, 

Eakin$ _ _ _ Louis iluEflQQ, 

EakiruJ.,, _ _. Mrs. Louis Htiason. 

Neagh?—™- ------ George Dodd, 

N eagle., _ _ Julia Anne Dodd + 

Hmtt. . My Gem 0 . 

Zorn.. __ Hugo Reisinger* 

Besnard.-—-— Nude. 

Melehera ——— The Siatera, 

SCULPTURE 

Dalou_, _.„ _ _ Alphonse Legroa* 

Hotidon _ _ _ Diana, 

PRINTS AND DHAWIISCpS 
Bellows-15 lithogroplia. 

Various. _ _ _ - 17 prints and drawings. 

Various.. - - b prints. 

Hftjieltine — —— 2 walercoLors. 

Various..—-—---- 10 drawings. 

Legpm---—— —£i printa and drawings. 

Various_1 print, 17 books. 

Various 3 draw in gs, 


WORKS OF ART ON LOAN 


The following works of art wore received on loan by the Gallery: 


From; 


AriUt 


The Put nam Foundation, San Diego, Co HI; 

View of Voltem_——.—- — —-Corot. 

Virgin and Child with St, Elisabeth, the Infant St John uud Veronese. 


St. Justine, 

Christ on the Cww..».——————-—-*“ 

Cheater Dale* New York, N- Y,; 

Portrait of a Little Girl—*---—-- 

Col. and Mrs. Edgar W. Garbisch. New York, N. Y ,: 

Eighty-two early American palcllng*. 


Peter Jrty, Davre de Gr&ee, MJ.: 

John Jay,- - -——-—-— 

Robert Woods Bliss, Washington, D- G-: 

Twenty-two objects of Precolumbian art, 
lira, Eugene Meyer, WflfihLngt«n P Lb C.: 

Vasa of Flowers-—- —-- 

portrait of a SaUor__--— 

Le Chateau NoLr__ ----- 

Smi Life--— ---— 

Still Life - — — --— -— 

Still Life-,__———- 

Nude-—---- 

Portrait of a Man-- -——-- 


.. Murillo. 

Elgleton (!)■ 


_Stnnrt 


P _, Cetiime. 
Cezanne. 
Cezanne. 
Cesmnne. 

, Dofresue* 
Manet, 
Renoir. 
.... Renoir. 
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WORKS OF AHT ON LOAN RETURNED 
Th& following works of art on loan were returned during the fiscal 
year: 

Tor ArJitf 

Samuel el Kress Foundation* Now Tort, N. X ; 

T5 paintings and 2 sculptures. 

Mr. and Mra. C. B. Wrlghtsmao, Palm Reach, Fin.: 

Portrait of a Toimg Girl-——---———-- Vermeer* 

Claiborne Pelh Washington, B. C.: 

The Jolly Flatboattnen-——---—-Bingham, 

Mrs- Eugene Meyer, Washington. D- C + : 

Vase of Flowers—— ___— - -—-—-—-—- Cftiaune, 

Portrait of a Sailor—^—-—-—— -—-———— Cezanne. 

Lo Chateau Xolr—-—— --—— --- Cezanne. 

Still Llfe„™__-__— -——-Cezanne, 

Still L[fe__-----—— --—— Dufresne. 

Still Ltfa______—---- ■ Mn* 

Nude-.„..-_—-------Renoir* 

Portrait of a Mun„, ~_.——-—— -- Renoir. 

Chester Dale, New York, N. T,: 

Head of n Wo mnn- —-—-— Demin, 

W'oiflan In an —-—, . , ■■■ ■■■■■■■■ DeraKn* 

Woman In a Chemise.—-—-—— -- ———- Demin. 

The Bathers- - ——--— Tonclu. 

Indian M:l idea__ -———.-——— ■.■ l*. * Wright. 

Hubert Woods Bliss, Washington, D, C.: 

SliC objects of Pre-Col umbian ftrL 

WORKS OF ART LENT 

During the fiscal year the Gallery lent the following works of art 
for exhibition purposes: 

To: 

American Embassy, Parle: ArtM 

Mary Barry__—————-— — -- Stuart. 

An n Barry___—- -■■■ -* Stuart 

Two drawings of Classic Ruins---Guardi. 

Blnlr-Lee House, Washington, D. <X: 

General Mu rehal-™——--—-Stephen*. 

Secretary Forrestal--—-——--—-- Murray, 

Corcomp Gallery of Art, Washington* D. C,: 

Mending the Harness.__——-——-— Ryder. 

Dallas Museum of Fine Arts, Dallas, Ter.: 

Andrew Jade$aa._—,-—--—..... BarL 

Fraukiln Ftercfl —- - r-« —-Hcaly. 

William Henry Harrison_—_——--—-LambdUi. 

The Washington Family (engraving)--— - Savage, 

John Quincy Adams.^^^^^-.__—.—— - Stilly. 

Andrew Jaekaon„„_-—--—-SuUy* 

General Dwight Elsenhower_-——-——— Stephen*, 

George Washington—„—-—--— -— . StnarL 

Alex finder Hamilton Bicentennial Commission, Washington, 

D. O,: 

Alexander Hamilton.—. .. .TnimbnlL 
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To* 

Toledo M usouto of Art, Toledo, Ohio: A rttit 

Mending the Harness..----Ryder. 

Virginia 350th Anniversary. Jamestown Festival, Williams* 

'"Sinus---British SchooL 

Wadsworth Atheneum, Hartford, Conn. : 

William Rogers---Trumbull. 

Detroit Institute of Arts, Detroit, Mich.: 

Siegfried and the Rhine Maidens. -—--* Ryder- 

Columbus Gallery of Fine Arts, Columbus, Ohio; 

Chester Dale — -———-■-— Bellows- 

Connecticut Historical Society, Hartford, Conn.: 

Miss Daggett_ ; --Artiat unknown. 

Institute Of Contemimrary Arte. Washington, D. C,: 

Six prints_Canaletto. 

Four prints-,----—---- ^ raneis ' 

Smithsonian Institution Traveling Exhibition Semite, Wash¬ 
ington, D. C.: 

forty-five modern Gorman prints. 


exhibitions 


Thu following exhibitions were held at the National Galley of 
Art during the fiscal year 19&7 i 

MaEten»S^es of Gmihle Art from th* Bweawuld Collection. Beofwri Maj 
23,195ft continuing through July i056, 

American Painting from the Collection of tho Nattosal Gallerr of Art Jmj 
13, T&50, tbroUg h August IS, 1B56, 

Prints hy th« French Impressionist From the RoswwaM CotleetEom August 
1^ l&rift, through December 31* IttSk 

A Retrospective Exhibition of the Work of George Bellows, Tbe fir^t one- 
man show in tbe hi#tOT7 of tbe Xatloaal Gallery of Art Januars 7 l&, 1&5T, 

through February 24, lftfST + _ rill 

American Primitive Painting* From tbe Collection of Edi^ir VulSEam am* 
Berlnee Chryaler Gftrblsch (2d exhibition), March IS, 1SST P through April 

2g, 

“Qae Huodred Tears of Architecture in America," An exhibition celebrating 
tbe CeuteanlaL of tbe American Institute of Architect*, May 15, 195' * 
through Judy 14, 1&3T\ 


TRAILING EXHIRmOXS 


Roienwald CoOection.— Special exhibitions of prints from the 
Bosenwald Collection were circulated to the following places during 
the fiscal year 1957: 

Rtjks Museum, Amsterdam, Holland: 

Three Itembrandt drawings- May-October 1056. 

Minneapolis Institute ef Arts, Minneapolis, 


Minn.: 

Exhibition. “Prints. 1400 - 1800 ,'’ three 
prints__—-----— 


October-November 1658. 
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Philadelphia Art Alliance* Philadelphia, Pa.: 

Twenty-nine Rowland son prints—__ October-November 1950. 

Marion Koogler McNay Art Institute, Snn 
Antonio, Tax.: 

Twenty-two Rembrandt etchings.--..__ November-Decemher IBrsO. 

North Carolina Museum of Art, Raleigh, N. C.: 

Exhibition, "Rembrandt and School*" 54 

prints_______November-Deceinber 195S. 

The Hal Uni ore Museum of Art, Baltimore 


Aid: 

Exhibit ton, * 4,000 Tears of Modern Art," 

one print_____^ November 1950-Jupe 3957. 

The Museum of Fine Arts, Houston. Tex, ! 

Exhibition, ^The Life of Christ," m 

prints,-,_____ December 1953-January 1957 

Art Institute of Chicago, lit.: 

Exhibition, "Prints, 1400-1800/ three 

prints_ ___„ _„__ January 1057. 

The University Gallery, University of Mlnne^ 


seta: 


Exhibition, "Musical Exhibition^ 33 

prints. _ _ __ January-February 1SG7. 

Fort Worth Art Center, Fort Worth, Tex. : 

Exhibition, "Horn and Eider," eight 

print*™____ . January-Mnreh 1057- 

Literature and Fine Arts Gallery* Michigan 
State University: 

Exhibition, ‘TinpreSsioDiSt Prints," 30 

prints _ ____February-Mnrch 1057. 

Museum of Modern Art, New York, N, I.: 

Exhibit toil. •"Munch/ 1 one print___ February-March ^17 

Smithsonian institution Traveling Exhibi¬ 
tion Service, Washington D. C: 

Exhibition, "Bellows/ 10 prints—.March- 1357. 
Groller Club, New York, N. T.; 

Exhibition. Kl BEnke/ four prints___Aprll-June 1957. 

Comm unity Arts Program, Mnnsou-WillKams- 
Fr octet- Institute, Utica, N_ Y,: 

Exhibition, "Portraiture: The 19th and 
2Qth Centuries," six prints_ Aprll-December 1957. 


Index of American Design *—During the fiscal year 1957, 23 travel¬ 
ing exhibitions (including S04 plates) with 50 hookings, were circu¬ 
lated to the following States and Germany: 


ft'aJ m ht*f e/ 

State tJ-hiblUottM 

Alabama ----- . 2 

Arkansas_ 4 

Connecticut _—,__ 3 

District of Columbia-.-.-^-— 2 

Florida _-_1 

Illinois -- 1 

Kentucky__ 2 

Maine __ _ ____ £ 

Maryland ..._ 1 

Michigan ____._ _ ___3 


.Virtn-be- r 0 / 


Stan exhibit to *1 

Mlnnesotii __---.- 1 

Missouri __ _ 2 

New Mexico_ I 

New York- —_ 2 

North Carolina _ 3 

Oklahoma ___-__ I 

South Carol 3 

Tennessee ,,— - — - 2 

Virginia _.. _ —. 13 

Germany _ _ 1 
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CURATORIAL ACTIVITIES 

Tho Curatorial Department accessioned 131 gifts to the Gallery 
during the fiscal year 1057. Advice was given with respect to 346 
works of art brought to the Gallery for expert opinion, and 10 visits 
to collections we re made by members of the staff in connection with 
offers of gift or for expert opinion- About 1,520 inquiries requiring 
research were answered verbally and by letter, 

William Campbell gave throe lectures on American primitive 
painting at the Cooperstown summer seminars and also spoke to a 
women's group at Shepherdstown, W- V a* I le assisted in the judging 
of an exhibition of the art work of State Department employees. 
John Panconst judged an art contest for AMVETS. Erwin O. 
Christensen lectured on African Negro sculpture at Howard Univer¬ 
sity, gave a Washington Seminar lecture on the Index of American 
Design, and held 12 monthly talks for USIA groups on the Index. 
Miss Elizabeth Mongun lectured at the Detroit Institute of Art, 
served on a jury for an exhibition in Philadelphia, and spoke to 16 
groups visiting Alverthorpe Gallery. Miss Elizabeth Benson spoke 
to ■ two women's organization meetings. Here ward Lister Cooke 
assisted in the judging of seven art exhibitions in the Washington 
area. 

Perry B. Cott served as a member of the Board of Governors of 
the Archaeological Institute of America, Washington Society. Miss 
Katherine Shepard was secretary of this organization and went as 
official delegate to its General Meeting in Philadelphia. Miss Mongun 
was Honorary Vice President of tho American Color Print Society, 
served on the American Jury of Selection of the International 
Graphic Arts Society and was a director and member of the Execu¬ 
tive Committee of the Print Council of America, 

RESTORATION 

Francis Sullivan, Resident Restorer of the Gallery, made regular 
and systematic inspection of all works of art at the Gallery, and 
periodically removed dust and bloom as required. lie relincd 6 paint¬ 
ings, and gave special treatment to 34 paintings. Nineteen paintings 
were X-rayed as an aid in research. Experiments were continued 
with the application of 27H and other synthetic varnishes developed 
by the National Gallery of Art Fellowship at the Mellon Institute 
of Industrial Research* Pittsburgh, Pa. Proofs of all color repro¬ 
ductions of Gallery paintings were chocked and approved, and tech¬ 
nical advice on the conservation of paintings was furnished to the 

public upon request. . 

Mr. Sullivan inspected all Gallery paintings on loan in Govern¬ 
ment buildings in Washington. He also gave advice on and special 
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treatment to works of art belonging to other Government agencies 
including the White House, the Freer Gallery of Art, and the Smith¬ 
sonian Institution, 

PUBLICATIONS 

The Director’s book on The Feast of the Gods and related paint¬ 
ings, entitled “Bellini and Titian at Ferrara,” appeared during the 
year, Mrs, Fem E. Shapley was the coauthor of a book “Compari¬ 
sons in Art,” also published by the Phaidon Press. She also prepared 
the text for the Gallery’s Portfolio No. 5, “Masterpieces from the 
Samuel H. Kress Collection.” Air. Campbell compiled the data for the 
Bellows and Garbisch exhibition catalogs, and wrote the introduction 
to the Garbisch catalog. Air. Christensen prepared a guide to the 
Chinese porcelains of the Widener Collection, and wrote an article 
on “An American Primitive Portrait Group” for Antiques magazine. 
Mr. Coolie’s research on “Documents Relating to the Fontana di 
Trevi” was published in the September Art Bulletin, and six of his 
short articles for the Ladies Home Journal appeared during the year. 
Mr. Pancoast reviewed a book on Ghiberti for The American Scholar. 

During the past fiscal year the Publications Fund published three 
new ll-x-14-inch color reproductions, and two more were on order. 
Eleven new color post cards were published; and plates were made for 
seven new Christmas and Easter folders. Two more large collotype 
reproductions of paintings on exhibition, distributed by a New York 
publisher, were placed on sale; 11-s-l4-inch reproductions printed on 
canvas, an entirely new type of item, were also on order. 

Two new books of A. W. Mellon Lectures in the Fine Arts, “The Art 
of Sculpture,” by Herbert Bead, and “The Nude,” by Kenneth Clark, 
were placed on sale. “American Primitive Paintings,” Pail II, was 
made available, and a book “Portrait of Jesus,” by Marian King, based 
on pictures in the National Gallery of Art, was stocked, as well as a 
paper-bound edition of a booklet, “Favorite Paintings from the Na¬ 
tional Gallery of Art,” by present and former members of the Gallery 
staff. There was a fourth printing issued of the Gallery’s Handbook 
No. 1, “Itow to Look at Works of Art; The Search for Line,” by 
Lois A. Bingham. 

Catalogs of the George Bellows show and “One Hundred Years of 
Architecture in America” exhibition were distributed. 

A boxed set of ten 2-x-2-inch color slides with text was made avail¬ 
able. 

EDUCATIONAL PROGRAM 

Hie program of the Educational Office was carried out under the 
supervision of the Curator in Charge of Educational Work and his 
staff who lectured and conducted guided tours in the National Gallery 
of Art on the works of art in its collection. 
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The attendance for the general tours, Congressional tours, “Tours 
for the Week,” and “Pictures of the Week,” totaled 43,5)54 while that 
for the 51 auditorium lectures on Sunday afternoons was approxi¬ 
mately 11,488 during the fiscal year 1957. 

Tours, lectures, and conferences were arranged by special appoint¬ 
ment for 322 groups and individuals. The total number of peopie 
served in this manner was 7,640. This is an increase over last year 
of 23 groups and 350 persons. These special appointments were made 
for such groups as representatives from high schools, universities, 
museums, governmental agencies, and distinguished visitors. 

The program of training volunteer docents was continued during 
the fiscal year* Fifty-seven ladies were given special instruction un¬ 
der the general supervision of the Curator in Charge of Educal ional 
Work and under the specific direction of one of the members of the 
staff. By arrangement with the school systems of the District of 
Columbia and surrounding counties of Virginia and Maryland, these 
ladies assisted in giving guided tours for the children from these 
schools- In all, 751 classes, with a total of 22,561 children, were given 
the tours during the fiscal year. Tins represents an increase over last 
year of 4,046 children in attendance. 

The staff of the Educational Office delivered 20 lectures in the audi¬ 
torium on Sunday afternoons* Twenty-four lectures were given by 
guest speakers, and during April and May Dr, Sigfried Giedion de¬ 
livered the Sixth Annual Series of seven A* W. Mellon lectures m 
the Fine Arts on the theme “Constancy and Change in Art and 

Architecture*” , _ _ 

During the past year 205 persons borrowed a total of 6,110 sliaes 

from the slide lending collection. 

The office completed in May two new slide strip films on paintings 
in the National Gallery of Art which will be available for sale about 
July 1, 1957. These are in addition to two other slide strips (one on 
sculpture, and one on prints) and one strip film, which have been 

The centers throughout the country that distribute the National 
Gallery of Art film, “Your National Gallery,” report approximately 
72,33$ persons viewed the film in 310 showings. 

Members of the staff prepared leaflets on the works of art in in¬ 
dividual galleries; prepared mimeographed, material for sdso-o! tours 
and to accompany slide loans; and prepared and recorded 33 radio 
broadcasts for use during intermission periods of the National Gallery 
c o n 

The printed Calendar of Events announcing all the Gallery’s activ¬ 
ities was prepared by the Educational Office and distributed mont i y 
to a mailing list of approximately 4,500 names. 
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LIBRARY 

The most important acquisitions to the Library this year were 2,137 
books, pamphlets, periodicals, subscriptions, and photographs pur¬ 
chased from private funds, and 53 books, pamphlets, and subscriptions 
to periodicals purchased from Government funds made available for 
this purpose. Gifts included 849 books and pamphlets; while 713 
books, pamphlets, periodicals, and bulletins were received in exchange 
from other institutions. More than 420 persons other than Gallery 
staff spent time in the Library for study or research, and approxi¬ 
mately 1,500 telephone reference requests were handled. 

The Library is the depository for photographs of works of art ill 
the collections of the National Gallery of Art A stock of reproduc¬ 
tions is maintained for use in research occupations by tire curatorial 
staff and other departments of the Gallery, for the dissemination of 
knowledge to qualified sources: for exchange with other institutions; 
for reproduction in scholarly works; and for sale at the request 
of interested individuals. Approximately 5,000 photographs were 
added to the Library's stock: 585 mail orders, and 500 direct sales 
were handled; and 300 penults to reproduce 680 subjects were proc¬ 
essed in the Library. 


INDEX OF AMERICAN DESIGN 

The work of the Index continued as in previous years. The Curator 
in charge of the Index continued to take part in the orientation pro¬ 
gram for United States Information Agency personnel with thirteen 
50-mtnute illustrated talks on the background and pin-pose of the 
Index and on the folk arts and crafts in the United States. 

A new project of printed guide leaflets on the material in the Index 
was started, as well as a project of 20 color-slide sets which were 
placed on sale. 

The Index cooperated with the USIA in making these slide sets 
available to their overseas personnel. Approximately 704 persons 
studied the Index material for purposes of research or exhibition, to 
gather material for publication and design, and to become familiar 
with the Index. 

Twenty groups of color slides (801 in all) were lent in eight States 
and India. Three exhibitions of Index material were held in the 
National Gallery of Art, am] 23 traveling exhibitions were circulated. 

maintenance of the building and grounds 

The Gallery building, its mechanical equipment, and its grounds 
have been maintained at the established standard throughout the year; 
emphasis, however, has been given to reducing the water leaks which 
are common to skylight roofs. 


SfctrtLiri- Rqwrl. I?5? 
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With funds made available by the A. W. Mellon Educational and 
Charitable Trust, the air-conditioning system has been ^tende o 
cover first-aid rooms, other areas on the ground floor, art storage 

r0 wfh a funds°made available by Congress a contract lias been let for 
changing the elevator in the west wing of the Gallery building fiom 

OP ASUrtSrtbwbwn fet forTn experimental electronic installation of 
ft 10-minute tape-recorded Gallery broadcast prodding H ^uire ^- 
ceivable on an earphone device, pertaining to the works of art m 
several gallery rooms. It is proposed to rent the earphone receiving 
devices at a small fee to persons wishing to hear the lectures in 

wired gallery rooms. ^ ACTmms 

Fortv Sunday evening concerts were given during the fiscal year 
in the East Garden Court. The National Gallery Orchestm, oon^ 
ducted by Bichard Bales, played 10 concertsat tlie Gallicry 'l w o o 
these concerts were made possible by the Music «*■o™i_ ^ 

Fund of the American Federation of Musicians. 

certs of the scries were given in “T^^es’ dk^Xw 
centennial A string orchestra under Mr. Bales duectic P J* 

during the opening of the Bellows Exhibition on J^-yU ^ 
and during the Garbisch Exhibition opening on Mareh l5, B -m. 11 

Orchestra was engaged to play a 

Februarv 3 with Mr, Bales conducting. InScptemberU^In I 

cantata “The Union” (premiere at the ^tiona' Galley 

If) 10561 was recorded at the Gallery by Columbia Records, i 

Ltaal G.«cry O^rn and soloists ph^ »* 

rt • _ \f.. tow SlmdaT eranng concerts *ere devoted to 

ttaGriW. Fourteenth Americ.nMnsic F ^jg A ”"a' 
Wdcert in their entirety by Stution HGMS AM end f», 

TlS^mLition. “Netional Gallety Suite Ko. 3,” ™s premiered on 
Sliv TK. Tile intermissions during the Sundsy evening con. 
Lm £La discussions by memhorn of Urn Edueetional Otbce stslf 

“"dUSiXaso.' y«-s¥» copies "'TrTr— 

in connexion with Gellery activities Oneh.md^ end Htl> ^nn^ 
to copy end 208 permits to pliotograp. in “ y to , !llcc d 12.367 

prints, 242 blark-and-whito slides, 814 color slides, l» black 
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white negatives, 52 color-separation negatives, and 126 color trans¬ 
parencies, 3 infrareds, 5 ultraviolets, 10 X-rays, and 5 film positives* 

OTHER GIFTS 

Gifts of money wore made during the fiscal year 1957 by the Old 
Dominion Foundation, Avalon Foundation, Corning Museum of 
Glass, J. Hopkins Smith, Jr., and Donald F. Hyde. 

AUDIT OF PRIVATE FUNDS OF THE GALLERY 

An audit of the private funds of the Gallery will be made for the 
fiscal year ended Juno 30, 1957, by Price Waterhouse & Co., public 
accountants, and the certificate of that company on its examination 
of the accounting records maintained for such funds will be for¬ 
warded to the Gallery. 

Respectfully submitted. 

Huttti^otok Cairns, Secretory* 

Dr* Leonard Oatutichaeij, 

Secretary^ Smitkscnicn Institution* 



Report on the Library 


Slr ; I have the honor to submit the following report on the activities 
of the Smithsonian library for the fiscal year ended June 30, 1057: 

The 54,310 publications received during the year included purchases 
and gifts, but the larger number of them came, as usual, from scien¬ 
tific, technical, and cultural institutions and societies all oyer the 
world, in exchange for publications of the Smithsonian Institution. 
These exchange publications, foreign and domestic, especially the 
tiles of scientific serials, form the backbone of the library s collec¬ 
tions and are the principal primary sources of information upon 
which the library's services to the Institution are based. There were 


87 new exchanges arranged this year. 

Many friends of the Institution gave books and papers to the library. 
Among the 7,972 publications so received were L. I* Buchanans gift 
of 475 books and many bulletins, pamphlets, and separates from liis 
own private scientific library; Frank Morton Joness gift o 3 ^o 
runes on Psychidae j and Mrs. George P. Merrill 5 gift of 100 vo umes 
from the library of her late husband, formerly head curator of geo 
ogy. Harold J. Coolidge most generously turned over to the library 
some 400 handsome publications of the Institut des Parcs Nation a us 
du Congo Beige, with the privilege of selecting anything needed to fill 
gaps in our own sets, the remainder to be sent to a designated li rary 

on the west coast. , , 

From among the much larger number of recommended titles, funds 
permitted the purchase of only G21 bonks and subscriptions for 4, a 
periodicals not obtainable in exchange. These were the reference 
books and Journals most urgently needed for the common use of all, 
and the most important of the primary sources of information m 
special subject areas of the Institution's researches and curator* 
responsibilities. The list of desiderata of books, new and old, that 
it would be useful and time-saving for the curators and other special¬ 
ists to have immediately at hand continues to grov. . expan ing 
program of work and the many new projects i ^ 

Institution find many subjects inadequately covered by the bteratnre 
in the library, and there are serious gaps in the diking collects 
that ought to be filled. Unfortunately, the prices of books and peri¬ 
odicals continue to rise, and a good many institutions an soeieiea 
that formerly sent their journals freely m exchange, or grutu, no n 
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it financially necessary to charge for them in order to assure continuity 
of publication. 

There were 23,359 publications sent to the Library of Congress, 
B,08G of which were books and periodicals to be added to the Smith- 
soman Deposit. The others, not individually recorded in the library, 
were documents, doctoral dissertations, surd miscellaneous publications 
of no immediate interest to the Institution. The library transferred 
1,474 publications, mostly medical dissertations, to the National 
Library of Medicine. 

The years record of cataloging included a total of 4,044 volumes 
cataloged, 26,184 cards filed, and 23,173 periodicals entered, The cat¬ 
alog section had full responsibility for the much-expanded bindery 
program which was continued for the second year, and 11,900 volumes 
of periodicals and books, new and old, were prepared and sent to be 
bound or rebound. Again, through a waiver from the Government 
Printing Office, the work was done by a commercial binder, under con¬ 
tract. Hie very considerable reduction in the long-standing arrearage 
of binding during the past 2 years has saved from progressive deteri¬ 
oration and possible loss many thousands of hitherto unbound num¬ 
bers of important scientific journals, and has greatly increased the 
ease of use of the journals. By no means to be minimized is the im¬ 
proved appearance that fresh, newly bound volumes give to the library 
shelves. 

The position of binder assistant skilled in tho repair of rare and 
fragile old books has been vacant since October 1956, and so only 
321 volumes from among the large number requiring special handling 
were repaired in the library. It is regrettable that there are now Z 
few available craftsmen skilled in the hand-binding and repair of 
books. r 

The staff of the catalog section continued the work begun last year, 
partly in connection with the binding program, of sorting und arrang¬ 
ing the accumulation of wholly uncataloged or incompletely cata¬ 
loged publications in the library of the Bureau of American Etlinol- 
ogy. Those needed to fill gaps in sets, or found to be otherwise im- 
portant to the work of the Bureau, were, proceed, and 4.4QG others 
:is well as 1,360 similar pieces culled from the main library shelves 
were discarded* 

David Ray, foreign language specialist of the catalog section, was 
called upon frequently by staff members of the Institution to trans¬ 
late short letters written i n different languages, including Russian, to 
make resume s, in English, of longer ones, and to give advice about 
meanings of special words and phrases. Requests for more extensive 
Help, such as translating scientific articles from the Russian, had to 
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be refused, because they would have encroached too much on the time 
needed to do the regular cataloging of incoming foreign publications. 
It is apparent that the full time of a language specialist, whether at¬ 
tached to the library staff or to some other office of the Institution, 
might easily lie occupied in making translations, ^ 

In the reference and circulation section, the record of 9,537 publi¬ 
cations borrowed for use outside the library represented only a small 
part of the actual use of books and periodicals. To this figure might 
well bo added the 8,493 publications that were sent to the sectional 
libraries for intramural circulation and filing, as indicative of the 
uncounted use of the library' 3 collections that is made in all the 
bureaus, divisions, and sections throughout the Institution, 
Interlibrary loans of 1,110 volumes were made to 116 Government 
and other libraries throughout the country. The largest borrowers 
were the Department of Agriculture, the Geological Survey, and the 
Indian Claims section of the Department of Justice. This library, >n 
turn, borrowed 607 publications from libraries other than the Library 
of Congress, chiefly from the Department of Apiculture, the Geologi¬ 
cal Survey, and the National Library of Medicine, 

Except ns interlibrary loans, the library does not lend books to 
individuals outside tlxe Institution, but it is freely open for reference 
to any responsible person. Among the 7,000 readers counted in the 
reference room during the year, there were occasional visitors from 
many different countries of all the continents, some of whom made 
more or less extensi ve use of the collections. 

Some 13,000 reference questions of all degrees of difficulty, many 
of them requiring extensive bibliographical research, were answered 
in response to inquirers who came to the library in person or who 
wrote or telephoned for the information wanted, 

A special summer task force, engaged in mid-June to he p clear 
the west stacks for other use has already made good headway in 
preparing duplicates, special collections, and other stored materia 
for transfer elsewhere or for other suitable disposal. It is hoped 
that the project may be completed by September 1. 

Following the death of Mrs. Hope Simmons, chief of the acquisi¬ 
tions section, just at the close of the preceding fiscal year, Mrs. L. 
Frances Jones was made acting chief of the section. Mrs. Elisabeth II. 
Gazin has continued to be chief of the reference and circulation sec¬ 
tion, and the catalog section has been headed by Miss Ruth Blanchard. 
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SUMMARIZED STATISTICS 

ACCESSIONS 



Volumes 

TotaJ 

recorded 

volume*. 

1057 

Smithsonian Deposit at the Library of Con cress 
Smithsonian main library (including former Offic^'Znd 
Museum li braries)... 

Artrap^g Observatory (including Radiation and 

Bureau of A mcrican Et Emoloe v .."" 

Natiomil Air Mu^um ■ 

253 

S r 230 

103 

1> 373 
04 
200 
12 

586,700 

308, 013 

14,945 
37. 350 
497 
14, 079 
4, 217 

National Collection of Fine Art* T 

N litional ijOOfCi^] cal 

Total 

TTn k.-. l a £■ J _ I .. . M - ■ ■ . 

10,244 

960, 401 


Cfltt:ss»sess&a!r k i s!& 

OCBjUfCXS 

New exchange* an*ngeiL_ H *___ _ 

SpedoMj requested paUkAtfow received.. 


S7 

4S5 


CATALOGING 


Volumea catild^d.,,__ _ 

Catalog cards ___^ 


Periodical jraria entered- 


—-- 1044 

—^ 20,1S4 


PERIODICALS 


1333 srere sent to the Smithsonian Deposit, 


23,173 


CmCULVNOJf 


loitiis of book? ftnd jseriodlcalfi__^_ 

Circulation l n sectional libraries la not 
Insects. 


counted except in the Division of 


8,537 


Volume* sent to the bindery ___ 
Volumes repaired in the library. 

KespectfuJly submitted, 






11.000 

321 


Dr. Carmichai*, F * 

Secretary^ Smith&anuin institution* 



































Heport on Publications 

Sm: I have tlie honor to submit the following report on the publi¬ 
cations of the Smithsonian and its branches for the year ended June 
30, 1957: 

The publications of the Smitlisonian Institution are issued partly 
from federally appropriated funds (Smithsonian Reports and publi¬ 
cations of the National Museum, the Bureau of American hithnology, 
and the Astrophysical Observatory) and partly from private endow¬ 
ment funds (Smithsonian Miscellaneous Collections, publh aliens of 
the Freer Gallery of Art, and some special publications). The Insti¬ 
tution also edits and publishes under the auspices of the 1* rcer Gallery 
of Art the aeries Ara Oriental is, which appears under the joint imprint 
of the University of Michigan and the Smithsonian Institution. The 
second volume in tJus series was about ready to print at the end of the 
year In addition, the Smithsonian publishes a guide booh, a picture 
pamphlet, post cards and a post-card folder, a color-picture album, 
color slides, a filmstrip of Smithsonian exhibits, and popular publi¬ 
cations on scientific and historical subjects related to its important 
exhibits and collections for sale to visitor. Through its publication 
program the Smithsonian endeavors to cany out its founder s ex¬ 
pressed desire for the diffusion of knowledge. ^ 

During the year the Institution published 15 papers and title page 
and contents of 3 volumes in the Miscellaneous Collections: I Annual 
Report of the Board of Regents and separates of 19 articles m the 
General Appendix of the Report: 1 Annual Report of the Secretary; 
2 special publications; and a reprint of 1 special pnblicatmn 

The United States National Museum issued 1 Annual Report, 1 
Proceedings papers and title page, table of contents, and index to 1 
volume of the Proceedings, 5 Bulletins, and 1 paper m the senes Con¬ 
tributions from the United States National Herbarium, 

The Bureau of American Etlmology issued 1 Annual Report, - 

Bulletins, and 1 miscellaneous publication. . 

The Astrophysical Observatory issued 6 numbers in the senes 

Smithsonian Contributions to Astronomy. . 

The National Collection of Fine Arts publishedI - catalog*, 
the Smitlisonian Traveling Exhibition Service, under to 
Collection of Fine Arts, published special catalogs for two of it. 

C ' There^vere^dirtributed 405^63 copies of publications and miscel¬ 
laneous items. Publications: 32 Contributions to Knowledge, 31,7b6 
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Miscellaneous Collections, 8,252 Annual Imports and 17,658 pamphlet 
copies of Report separates, 449 War Background Studies, 24,136 
special publications, 475 reports of the Karri man Alaska Expedition, 
46,378 publications of the National Museum, 28,558 publications of 
the Bureau of American Ethnology, 20,007 publications of the Na¬ 
tional Collection of Fine Arts, 574 publications of the Freer Gallery of 
Art, 6,370 publications of the Astrophysical Observatory, 228 reports 
of the American Historical Association, and 1,147 publications not 
issued by the Smithsonian Institution. Miscellaneous: 74 sets and 
540 prints of North American Wildflowers and 3 Pitcher Plant vol¬ 
umes, 60,021 guide books, 16,720 picture pamphlets, 128,896 post cards 
and post-card folders, 809 photo sets, 16,456 color slides, 4,666 color- 
picture albums, 64,406 information leaflets, 41 New Museum of His¬ 
tory and Technology pamphlets, and 139 statuettes. 

The 1957 allotment from Government funds of §152,000 for print¬ 
ing and binding was entirely obligated at the dose of the year. 

SMITHSONIAN PUBLICATIONS 
Switksohiak Miscellaneous Collections 
VOLUME IIS 

Title page and table of contents. (PcbL 4262.) [August it)]. 1&56, 

VOLUME IX 

Title page and table of contents. (Publ. 420.'! ) [August 18J, ism. 


VOLUME izfl 

Ti tie [Mi ge and table of contents. (Publ. 4264.} [ August lfl J f 195 c. 

VOLUME 139 

Small arms and ammunition In the United States Service, 1776-1865, by Berkeley 

R. Lewis. 336 pp„ 52 [dm 2S Ups. (Publ. 4254 .) August 14, 1 * 5 / 7$S00.) 

VOLUME 1» 

Annotated, subject-beading bibliography of termites, 1350 B. C. to A D 19M 
by Thomas E. Snyder, 305 pp . (M* 4258 ,, September 25 . 

VOLUME 111 

N t.L£? ?"“*“« “«“"•>* "«• u~ a loir wmn 

* °“ 10 ir»w- «ai Mr si. >«». 

No. 8. The geology and vertebrate paleontology of upper Eocene strain i« 

« ™" - “* >n»d River n„lo. 

malrno fauna of tbo Bndwater area bv (' r.n«-ia n..i„ » Ifle D1Q|11 ' 

(Publ. 4257.) October 30, 1056 . (55 cents) PP-. 3 pis., 1 fig. 

Nik 0, Breeding and other habits of the cashed hornbdis, by Lawrence Rimsrn 
45 PP- 9 pin.. 2 fig*. (Publ. 4250.) (70 cents ) Lawrence Kllhaiu. 
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No. XCL Crustacean metamorphoses, by Et. E. Snodgrass. 78 pp. F £8 Sgfi. 

( Publ, 4280.) October 17. M (80 cents,) 

No. 11. The ventral interseguaental thontde muscles of cockroaches, by I*. E. 
Chadwick. 30 pp p 18 figs. (Publ. 4281.3 January 15, 1357. (40 cents.) 


VflUJHE m 

No- 1* Periods related to 278 months or 22% ream, by C. G. Abbot 17 PP- P 
7 figs. (PubL 4285.) September 13. 3 350. (20 cents ) 

No. 2. The Asiatic epedes of birds of the genus Frfniper (Aves: Fycnonoti- 
dae). by H. G. Deigcan. 0 pp. (Publ. 4280,) October 25. 1350. (20 cents.) 

No. B, Loop development of the Pennsylvanian terebratulld Crf/pJoconfljifi, by 
G. Arthur Cooper. 18 pp. F 2 plt- P 12 tig*- (Publ. 4287.) (35 cents,) 

No. 4. Geology nod vertebrate paleontology of upper Eocene strata In the 
northeastern part of the Wind River Basin, Wyoming. Ft. 1. Geology, by 
Harry A, TonrtelOt 27 pm 1 pL p 7 figs. (PnbL. 4283.) March 27. 1057. 
(45 cents.) 

No. 5. Trocbauiminfdae and certain Lituolidae (Fora mini fern) from the Re- 
cent brackish-water sediments of Trinidad. British West Indies, by John R. 
Saunders. 16 pp. 4 pis. (Publ. 4270.) March 1 5 h 1057. <35 cents.) 

No. 0. Studies by phnso-eoutrast microscopy on distribution of patterns of 
hemolymph coagulation in Insects, by Charles Gr£goire. 35 pp. F 1 pi F 4 flgs. 
(Fubb 4271.) MAT 8,1057. {80 cents,) 

No. 7. Early White Influence upon Plains Indian painting: George Gatlin and 
Carl Bodmer among the Mansion, 1832-1834, by John 0. Ewers. 11 pp- F 12 
pis. < Publ. 4292.) AprEl 24 F 1987. ( 50 cents. ) 

No. 8 A skull of the Brldgcr Middle Eoceue creodont PatriofeU* wtta Leldy, 
by C Lewis Gazin. 20 pp., 4 pis. (Pahl.4m) April 30 P 3057, HO cents ) 


ArtrttML Rf.fohts 


Report for 1955 ,—The complete volume of the Annual Keport of 
tlio Hoard of Regents for 1055 was received from the printer October 


*22,1956: 

Annual Report of the Board of Resents of the Smithsonian Institution shonrlns 
the operations, expenditures, and rendition of the Institution for the jear 
ended June 30, 1655, U+53T p(p„ 70 pis,, B4 ( 42a2 -> 

The general append is contained the following papers (Pubis. 426.1- 
4252 ): 


Science serving the Nation, by Lee A. Bn Bridge, 

The development of nuclear power for peaceful purposes, by Henry D. Smyth, 
The time scale of our untveree p by E. J. Uplfc. 

Solar activity nml its terrestrial effects* by Sir Harold Spencer Jones, 

Forty years of aeronautical research* by J- C. Iluasaker- 

A transatlantic cable. by H. A- AffeL 

Genetics Id the serrlce of ruan F by Bentley GIjips^ 

Cultural status of the South African man-n^s, by Rnymond A. Dart 
The blstorr Of tbn iHeehanltfU heart, hy Q*>W B. GrLffsnhnsen and Cnlvin U. 
Hughes, 

Some chemical studies on viruses, bj Wendell M. Stanley, 

The scent Language of hones" bees, by Ronald Ribbands. 

The army anta* by T. C, Selmfilfl*. 
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Tfaelalborimtlon of niammal^, by L. Harrteoq Matthews, 

Parasite* common to anLtiuilB and man, by Benjamin Schwartz. 

Homo observations on the functional Organization of the human brain* by Wilder 
Pen field. 

The place of tropical solla in feeding Use world, by Robert L. Pendleton. 

Tito ring!. and history In the western United States, by Edmund Sehulmau. 
New light on the dodo and its must m tors, by Herbert Friedmann. 

George Gatlin, painter of Indians and the West, by John C, Ewers. 

Report for 1956 —The Report of the Secretary, which will form 
part of the Annual Report of the Board of Regents to Congress, was 
issued on January 18,195T: 

Report of tlie Secretary and flmindil report of the Executive Committee of the 
Board of Regents for the year ended June 30. 1030. u+211 nn 8 i)] H 

(Publ.42GS.) iv ’’ 

Shoal Punucanom 

The national aeronautical collections, bj panl e. Garber. 166 pp mustr 
(Pnbl. 4233.) [Aftgnst 20], 1050. ($1.60.) 

The world of the dinosaur* by David H. Dunkle. 22 pp. niustr, fp u bl. 426c,) 
[May £4] n 1&57. (60 cents,) 

ReIWTS 


A biographical sketch of James Smithson, by Samuel Rfcrpont Langley 
4 pis- Smithsonian Spec, Publ. 2270. l»oe. <30 cents.) 


20 pp. 


Fit, MS TRIP 

Let's Visit the Smithsonian, a filmstrip with 4S color views of the buildings 
exhibits, and activities of the Institution, a recorded Sfrmlnute lecture and 
“ “wmpanying booklet containing pictures and test. Produced under h 
grant from the Lint Foundation by the Society for Visual Education 1957 
($10complete; $6.50 without record.) 

PUBLICATIONS OF THE UNITED STATES NATIONAL MUSEUM 


Rnpont 

The United States National Museum annual report for the year ended June W 
1250. Pp. lx+105. lllnHtr., January 18,1257. 


BuuntKs 

18^ port 6. Checklist of the coleopterous insects of Mexico, Central America 
the West Indies, and South America, by Richard E- Blackweldcr Pn vtlt-L 
$27-1482, May 1& 1957. rp ‘ Tmt 

2«7. American moths of the subfamily phydtlnae, by Carl Heinrich vlii 4 - 5 Sl 
PP-, L138 flEB., September IS, 1950. «einnen. 'liJ+o61 

200. Nearetic waspa of the auhfamlllw Pepslnae and Ceropaiioae, by Henry 
Townes, iv-f-280 pp., 161 figs.. 4 pis,. March 11,1957, 

219. The first quarter-century of steam locomotive* in North America ■ Re 
malnhig relics and curable replicas, with a catalog of locomotive models 

Bl L froni.,m^.f nt!011 ^ hy S * ttJl Hwtone Oliver, 1,2 pp., 

SI frontispiece, August 0, 3BS& ¥ 

2ia Automobiles and motorcycle* In the U. B- National Museum by Smith 
Hempstone Oliver. 137 pp., 103 figs, frontispiece. June 23, 1957' 
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Proceedings 
VOLUME 1M 

Tide pose, table of contents, and Index, Pp. Wt, 651-664, June &. JB5T. 

VOLUME tM 

XO 3304. ChlKfierE of the genns E^tchirngatlvi {Acfitlnn: TroiubkuUdne) 10 
North America, by Charles K. Farrell. Pp. 05-235, 8 He*, 21 via , October M, 
itiMt 

No. 8365. A new plueecne flsh, lTonoesntrw reedi. from Chile, a new fiiutlly 
record for the eastern Pacific, by Leonard P. Schultz. Pp- 237-330,1 pi, J nl r 
24 I&56i 

No. 33C6. Some crickets from South America (Grylloldea and Trldnetytoldea}, 
by Luclea Chops rd. F|a 341-203, 8 figs,, September 20,105A- tj 

No. 3337. The Nearctlc apedea of trlngonidld wasps, by Henry Townes. IP- 

295-304,1 fig., October 18,1058, ... -- 

No. 3333. LathcUconiyla, a new genua of ocairptratc flies of uncertain^ f,ml y 
relationship, by Marshall 11. Wheeler. Fp. 805-314, 2 Use. tjctoher 2, llMk 
No. 3389. A tribal revision of the braehyeyrtlne wasps of the world (CryyUnae-- 
Ichneaznonidse), by Luella M. Walkley. Pp. 315-328, 1 fl*. October 13, MW- 
No. 3370, A new species of Gandacto (Cnpepoda: CftUmoidft) from tlie western 
North Atlantic Ocean, by Abraham Flemincer and Thomas B. Buwoian. Pp 

331-337, 2 figs., October 15,1833- - 

No. 3371. Emended description and assignment to the sew genus Aw* a;of 
the idotmid Isopod Africa eflo psrnrfocsluia Boone, by Robert J. Mtniles 
end Thomas E. Bowman. Pp. 33&-S43, 1 flit, October 17, HM5. 

No. 337a Observations on the amphlpod genus Farhyate. by Clarence R- Hho^ 

mater, l'p. 345-35S, 4 OgS-, October 15, Ifl&fl, i-vtchsnn with 

No, 3373. A revision of the aorocerld flies of the genus Ptofce fc^haan 
a discussion of their sexual dimorphism (DIptera), by Evert I. fecbllnger. 

™*«* by Herbert Friedmann. 

xv,. 

Ischnocem hy SL A. Carrlker, Jr. Pp. 400-430. 0 flea, January 30, 10^,. 

No. 3373 A new genua and species of marine asellotc Isopod. Cnwfonlroprt* 
psamnwphtla, from California, by Robert J. Menaiea and Jean Fettlt. 
441-44S. 3 flcs. + NoTember £, 

No. 33TL Mammals of the Anglu-Egrjitlaii Buda*, by H*nry * e r. 
447-CST, 10 figs., November 28, 1SE0, 

VDLUsa: n t 

NO. 3378. A new speck* of MW** (Crustacea l yydda^) £*» <». *£ 
eastern const of the United States, by Thomas E. Bowman. Pp. 1 ^ 

NfSS^SSw.. M* ft no- «htoold from North Carolina, by C. 

Wythe Cooke. l>p. W-12,1 pi- June 18,1MT, 'OoltcCUxx : CurcnlUmidae: 

No. 8880. Formosan cossonlne weevils of bamlmo fCo - V 0 - 7 

OoMODlnae), by E.wood C. Timmerman. Pp. 1^- 2 «**• l ^ 

CoaTafflunoys ruo* the U. S. National Uwuwh 


volume » 

Part 2. A revision of the genus NtMdtfo, by Vet™ E- Rudd. 
3 &KO-, November 7,1856. 


Fp. 111+173-266, 
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PUBLICATIONS OF THE BUREAU OF AMERICAN ETHNOLOGY 
Annual Repokt 

&e*enty-tfaSTd Annual Report of Uie Bornnia of American Ethnology, 1635-1956 

li+^Spp,, 2pbL 1057. 

Bulletins 


tiuUetlu 1B1, Seminole rausie, by Franeea i>ensmoro. xxvill-|-223 pp.., %$ pia^ 
1 1056- 

Bulletin 182. Cuayiuf grammar, by Ephraim 3. Alphonse. Ii-j-i28 pp . 
Miscellaneous Pubucatiqns 

List of publications of the Bureau of American Ethnology, with index to authors 
end titles. Revised to June 30, 1936. 112 pp. 1956, 

PUBLICATIONS OF THE ASTROPHYSICAL OBSERVATORY 

SHITJJSOtflAN CoNTBIhllTIONS TO AsTftGp H YSICS 


VOLUME | 

No. 1. New horizons in astronomy. Thirty-nine papers, edited by Fred L. Whiu- 
Pie, Pp. l-x, 1-181, 8 Hus., 1 p|, December 10,1956. 

No. 2. Papers on reduction methods for photographic meteors. Papers by Frer* 
L hippie ami Ltrfgl G. JaeeMa; Gerald s. Hawkins; Richard E. McCrosky 

Wriir SS t HlJ ^ Ca : and Fred L WbSpple al,d w - 

iliht. P|>. l-lll, 163-243, 4 f\^s rt 5 pis. May g, 195?. 


VOLUME i 


Nt 3. Notes on the solar corona nud the terrestrial ionosphere, by Sydney 
Chapman, with a supplementary cote by Harold ZLrlu pp. i_i 4 h February 18 , 


by Sarah Lee Llpptaeolt Tp, 15-23, 0 dga,, 


No. 2.. Chrofflo^ph^iie splcu|es p 
pia. June 14. 1357. 

No 3. Studies of solar granulation: L The statistical Interpretation of gran- 
one-dimensional microptmtometer tracings, by Gerard 
Wl 6 rlck. Pp. 23-34, 3 Jigs. June 14. 1B57. 

No, 4. Variations in the thermodynamic state of the chromosphere over the 
”**32 * R - ° Atta * IV »■ *■* P- Q- Orrait. Pp, 3WS* » figm 


PUBLICATIONS OF TJIE NATIONAL COLLECTION OP FINE ARTS 

Ml !£“ “f °' ber 0e ™ P or « !a[ “ ■* «.e Alfred Doane Pell ejection, by Paul 
Vickers Gardner. 66 pp., 31 pls„ li .fig*. (PohL 4256 .) Rfea 

Alh* Pike Barney: Paintings in oil and paste!. With introduetba and bio¬ 
graphical note by Thomas hL Keggs, 99 pi*. (Pnbi, 42M,) 1937 , (fu»j 

SutmoHLur TaAvguwo Exhibition Catalogs 


Canadian abstract paintings. Iltustr, 195®, 

George Bellows prints and drawings. ]Uuatr. 1957 . 
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REPORT OF THE AMERICAN HISTORICAL ASSOCIATION 

The annual reports of the American Historical Association are 
transmitted by the Association to the Secretary of the Smithsonian 
Institution and are by him communicated to Congress, as provided in 
the act of incorporation of the Association. The following report was 
issued during the year: 

Annual Report of the American Historical Association for the year 15)55. Vol. 
L, Proceedings, 1JEST, 

REPORT OF THE NATIONAL SOCIETY. DAUGHTERS OF THE AMERICAN 

REVOLUTION 

The manuscript of the Fifty-ninth Annual Report of the National 
Society, Daughters of the American Revolution, was transmitted to 
Congress, in accordance with law, on April 1,1D57. 

Respectfully submitted. 

Paul II. Oeheer, 

Chief, Editorial and Publications Division. 
Dr. Leonard Carmichael, 

Secretary, Smithsonian Institution. 


Report of the Executive Committee of the 
Board of Regents of the Smithsonian 
Institution 

For the Year Ended June 30, 1957 
To the Board of Regents of the Smithsonian institution; 

Yoar executive committee respectively submits the following report 
in relation to the funds of the Smithsonian Institution, together with 
a statement of the appropriations by Congress for the Government 
bureaus in the administrative charge of the Institution. 

SMITHSONIAN ENDOWMENT FUND 

The original bequest of James Smithson was £104,960 8s. 6d,— 
$508,318.46. Refunds of money expended in prosecution of the claim, 
freight, insurance, and other incidental expenses, together with pay¬ 
ment into the fund of the sum of £5,015, which had been withheld dur¬ 
ing the lifetime of Madame de la Ratut, brought the fund to the 
amount of $550,000. 

Since the original bequest, the Institution has received gifts from 
various sources, the income from which may bo used for the general 
work of the Institution. These, plus accretions, are listed below, 
together with a statement showing the income for the present year. 

?.MX>WMENT FUNDS 

(Income for the unrestricted use of the Institution) 


Partly deposited in the United States Treasury at 6 percent and partly invested 
In stocks, bonds, and other holdings 


Fniutt 

Inwjrmtiqi 

m7 

Inco-mc 1457 

PmnX Fund tari&mti Smlttoui fapiueji, plu j MCttsmlfttod p) 

*72Jl 3]fc73 

W9.74jfl.ffl 

EtLbflMIUHt tffU, Kid Olh fit tlinfc. partlj ctnpMilfrJ ft tbfl u, S, 

TfvMwy niid jffljtly- invertfd. In th* ceiasalLil&tpd ftmd' 

Abbott, W, L„ p £prckJ.... 

I a "VjS nO 


flohwt S. and Lpd!*.. _ 

iw« dUUh *v 

(AOTU.Ht 

3, OCT. W 
ASM.ffT 

EttdtwnKiLl., 

Eabfl. Dr, J3.. ______ 

■157.0^4J. -58 

A xp. S2 
A 023.03 
l.MS.M- 

E, hQCL-54 
30,® 
37LS5 
177. $8 
61,75 
BLM7.6I 

Hacfcculwrg, dwfw; P. mil Carotin* 

HftmiLS&fl. Jaedm_ . 

Hcpft. Cirollae.. . .. 

Hodaklni, Thom*! O. . 

Olnuljd, H*lm 

F»(fr. Ufnrr 

1, DSUB 

54. IS 

H1wm f WklJlam Jocrv.. __ 

EzniarA, Graffs H...__ _ _ 

S7(X 358 60 
1,301. B| 

3 Sly 373 62 
«7.38 

Wit^rttkna, Tbamaa A. 

% U1, 16 
16Afi8AM 

131.14 

3m® 


Total... 

1 ana □ ■ 


.. 

1 ■ - tc?- -IHB r 8o 

SB, MKL IB 

Lffn.9l3.3B 

110,046,39 

-- ■ ---- 
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The Institution holds also a number of endowment gifts, the income 
of each being restricted to specific use, Those, plus accretions to date, 
are listed below, together with income for the present year. 


Fund 


Abtatt, W Lilia id t.. for In MoLogr.- . ”1^“""' 

Arthur, J»ma. for bimttptlAiM wul sDod f Of MB »d uiniial ktitura ™ 


&o™ F VLnRinlfl- Fu*dy. tor UOTellnE ttfcdorafclp E* Lnvrafcieat* bow* tf 

raunlrir* otter than dio Unllrd Slates. ..- J *“— 

Balrtl Luct a memorial U> SrtrtlarT Bnird— 

Burner, Alloa rate, rot Wltmtlon olpilftUnjswnl P“td*«ld fot encourage- 

mem ol AtHfflcaa arii^lfl iadra™-...- 

RM*tow fc Frtdrrttt D. fw Puk*“» Ol onims^ for Fork..., 

Conhcld CollKtJinj, [or tmm« itod raft of tbo Canfield MHertlon of min- 


CueJ P Thoanaa f.-r (or main truant Of tto C*fray noDKtton and pfom-n-ulmt 

of n*€trf*ha relation to Cdrapt era. * ----- ' 
Chamberlain, Fftnria for tnOfta® and promatlffl of I«k ^ CollocIiOQ 

oE Ff^ma and njoll<wka-*~. . — ■ — —■ “■■■ 

DyVes. Cnulea. lor sippart h financial ftsearab „ _. — -. J ; ■ s " /' J 

Eldsemoyer. Florence Jlraroart, for preservation odd elilMllwt Of tin pboio- 
graphic collection Ol Rudotpb F.lcttmeyrt, it .... .... .--■ ■ -- - - ■ ■ - --- 1 

Hsnwn, Mutt Id GujOW nod CoroUnc liunlct, fot sun* sdrtllSe ™* «Ihe 
lnjiltullcn. preforablr fo dcralstry or nwllriM 
Hlgbw. Harry, Memorial Fund, for Rtneral use ol the Institution alter W* 

period of 10 yean fra® dolt Ol Rift OMD . - ■ ■ ■— J -■■■ - ----■* 

Blllyor, Virjril. for InixcMB and ears of Vjrell Dill Jet roJlrOtton of llg tins 



flU.MT.IS 

St.TISM 


HlJtottfc, Albert fl„ [<*■ care* lie lllubcotfc Annsloloettai 
Hodgkins, specific. for foereose diffusion of more tract hm-Wlo Ln 

pubHcaltoa In eonneerfaft the-ftwlch.- . - . 

Hutli « h Bru« b to found agwilfflw.- - - - --— 

Loeb, Morti* tor furtherance ortawwlcta m tb* «ihA 

Lon*. Annetie uid. Edith C. h f« upkeep wwl pcosarrml^ of Loai <«UKtian 

ort-mbtolderloa, la&3.Bnd - - 

MatrtiiiL Mary E. h for caw mhI eitiiblWoo irf * -. . 

Mytr. Cnlhorlno WiMM, for roteha* or Unl-eiaas ol an or uh? am 

tuirtlU of 0» XmUuaI Codetlforr of TIM .. " 

Ncboa, Kdimnl w.. f«» support of Noloplral ."LV ‘ '^_,Vin 




IW™A^n‘ t"m MriU'elLAlr ta MofoRJ. J ® r 

Ko*tiling Coitectloo, rot rare, Unprewment, “»l Eom**' “ w f 

lec[Ian of mhirtiMa a -- - ■ ---"" 

K«b3ln|E Salar Rrarareh. 


to^nooAtopi.^ •bMWrr... 

Smlthronira ouipioyroi’ reUrenWDl - - ■■■-" niatr 

SprUitur, Fm>k. fot tore and Incrr^' of ih> BT*W*-f llt ™ ? 

Sltong. Julia D.. for benefit of tie NalUmal Cal> ^™ jf5S*JSU3i' aid 
Wolcott, Claries D. eal Mary Veot, lot denelofuiua h 

paleonloloRiml etudkt and pubUslbill results ot satae. -. — 

Woloott, Muy VauJh tor pnMtrations la b*4aar— ... 

YaaniH'K Helien held latmUi-. — — — 

Zffbsa, FralvcM BrbcUa-o far cadowmeat ol aniiflrfft.-n — .* 


Total.., 


frT.4l7.tH 

HTTJLM 


64,784.43 

31 r 13i74 

x,mH 

1, *27.43 

37.0flftM 

l r MS7 

1.93A71 

47.59 

f4.toa.3a 


Hkwe.® 

*fT.» 

34 416.0 
55,^104 

I.9CR-53 
imm 

H, BM.fll 

mTi 

I1 h 4»,I2 

402 . sa 

«l-53 

Sunn 

a4M.09 
11,4111 U 

4ft. H 
1444® 

]4a 00440 

4004 CO 

5ftB3»-C0 
^7»-S 
111701.1* 

3,514.45 

um.m 

10»L« 

mis 

as.m^ 

3473 

I,msi 

34 131-W 
34 ML £3 

1,3*5.27 

1.S5LW 

1,213.43 

LSSS.M 

14.91 

aLoi 


U, 15ft. C9 

HTfrLSS 

M.314-0& 

719-95 

j.e^-oa 

U4 on. 71 

34 r 284f6 

134217.0® 

33,373.19 

!B,lML4i 

n 

4157.87 
1MH-1I 
444468 
1.733,44 
1,213,15 
615.41 

EU.417eia 

TAS340S 

85.73J-S5 

1,23441 

3t45L7fi 
4913-71 
4,47471 
M. It 


I 12423.7* 
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FREER GALLERY OF ART FUND 

Early Hi 1006, by deed of gift, Charles L. Freer, of Detroit, gave to 
the Institution his collection of Chinese and other Oriental objects 
**ll 1 as Wc]1 as P a >ntings, etchings, and other works of art bv Whis- 
tier, Thayer, Dewing, and other artists. Later he also gave funds for 
construction of a building to house the collection, and finally in his 
, 1 P robated November 6,1913, he provided stocks and securities to 

the estimated value of $1,053,591.42, as an endowment fund for the 
operation of the Gallery. The fund now* amounts to $7,915,270.67. 


SUMMARY OF ENDOWMENTS 
Invested endowment lor general purposes..___ 

Invented endowment for specific purposes other than Freer 
endowment __ 


41,077, SIS. 53 
2,341,380.23 


Total invested endowment other than Freer. 
Freer invested endowment for specific purineea 


L 319.207, SI 
7,015, 270,07 


Total invested endowment for all purposes. 


12,2H 478.48 


CLASSIFICATION OF INVESTMENTS 

Uei^lted in the U. S Treasury at 0 percent per annum, u 
authorize*] in the U. £h Raised Statutes, sec. 

Im&itmmts other than Freer endowment (cost or market value 
at date acquired): 

S-- --- 41,270,497,53 

Real estate and mortgages....^ ^ 

Uninvested capita)-_Z ifij 


- 41.000,000.00 


-3,319,207. 81 

Total investments other than Freer endowment._ “ 4 319 -mt « 

ZuTrt) FWf eDlt0Wment value atTa* ' ‘ 

--H 820,318. TO 

Uninvested capital..’ 

--—-„ §32.01 

- 7,015,270, 07 

Total investments 

-- 12; 234,478, 46 


Caab: 


ASSETS 


United States Treasury cur¬ 
rent account—._ 

In banks and on hand....„_ 


41,541,081. 31 
302,090.88 


1,904, 072L10 
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ASS ETS^Conliilild 


Leas uninvested endowment 

Muds..... m> 421- 63 

----- $l r S83 x CM>.50 


Travel and other advances-—-^—— 6*497, 00 

Cash invested (7L 8. Treasury notes)--—- 939,115. TO 


— -— $2,829* 233, 2$ 

Investments—at hook value; 

Endowment funds: 

Freer Gallery of Art; 

Stocks and b»mls__ 57, 9i4 n 376- GO 

Uninvested cash _ 802, 01 

--—- 7,015,270. 07 

Investments at hook value other 
than Freer: 

Stocks and bonds—.—— 

Uninvested cwh,, 

Special deposit in U. 9. 

Treasury at 0 percent 

Interest -- -— 

Other stocks and bonds-— 

Real estate and mortgages— 

_-—- 4 f 31% 207. SI 

- - - - 12, 234, 47S, 4B 


5, 200, OP", 33 

i&.mea 


3,000,000.00 
S7,m so 

5,840,00 


Total -- — 


15.003 , 741. 74 


UNEXPENDED FUNDS AND ENDOWMENTS 


Unexpended foods: 

Income from Freer Gallery of Art endowment- 


Income from other endowments: 

Restricted- ---—- 

General-- -- — ~ 


$3&S r 270. 05 

305,632 SI 


Gifts and contributions- ———-— 1 — 


$533,498,24 


074, 0Q2.20 
1,570,802.73 


2 , 820 , 233.20 


Endowment funds: 

Freer Gallery of Art-— 
Other: 

Restricted -■*- 

General . -— 


$7, 915,270. G7 

2,841, 389.23 
1 , 977,818. 58 

— - — 12,234,478.48 


Total. 


15, 003, 711. 74 


451 BOO—S3——1* 
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CASH BALANCES, RECEIPTS AND DISBURSEMENTS DURING 
FISCAL YEAR 19S7 1 


RkqI pts F other tb.au Freer funds: 


Income from Investments..^ 

GJfte and contributions’-...._____ 

Bocks and publications. __ _ ______ 

3201,083. 04 
2. 324. 648. CO 
55 S03 At 

Miscellaneous^, __ _ 

kAUp P~Vi 

fit 7 t 0 di\ 

Employee^ payroll withholding* and reTimd of 
advances (not) 

0-E( i lv< IV 

2„ 284.22 

JHUI T9 

Proceed from real estate_____ 

Proceeds from side of securities (net) : 

Consolidated fund—__ h _____ 

Oj, rj. i £■ 

669.412.38 
4fl0 2S7 m 

Current fund_- __ ._ 

Other fttads______ 

13,305. 09 


-f). 034,335. 59 


Total ffrtlpts ottn than Freer funds-...,_____a jj!| 

Freer fund receipts: ' " 

Gift —-- ?25, 000, 00 

fucoine from lBmtmenU_.__ Sfi5 34i m 

MJa^Uaneoyj ______ h - i m 

Books and publieatlo&fi_.______ ^ 520 ' 3G 

Prdwzeeds from sate of aeoiultiefl (net)™„™ i t &T3 a 005. 88 


Total 


2,360,&44S3 

vnsTiiT^ 


Administration__ 

S]OT J70 no 

Publications ______ 

v* ™ < h “ t V. U.S 

65, 241. 44 
1,192.33 
4,739,00 
22, 322.01 
1. 221,855, 67 

OfiT oq 

library —__. ____ 

Custodlnn fees a ad servicing securities__ 

Miscellaneous_____ 

Hescarches and explorations 1 

Purchase of s&tii-ltfes ( ne t); 

Consolidated fund-___ n „.__ 

Current fund 

.ft! 1 'i l ft DA 

Other funds _ 

u±±t oitt. ^ 

10. 467.19 
2,323.32 

S. I. Itetiremeat _ ______ 


. --uiupf r reer minis_ _ __ 

Dutm rum eats, Freer funds: ~™ 

- “* g ■ 

Custndtno foes and servicing eeourlties^____ n 24ft 4 * 

^Zlr rmc91 ^ .. — tnim.* 


Miseellnnertus_..... 

Total Freer disbursements__ 

Total disbursements____ 

Cash balance June SO, 3037 _ ,___ 

Total___ 


02, 401. 48 


- g, HO, CTT. S3 

-- 5, 274,142. 03 

- l.PM. 073.19 

--.——■ ", £14 22 

1 Isciudri receipts for tOr ptamn. 

■iDclndn dUbsHHiuata f 0l 
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The practice of maintaining savings accounts in several of the 
Washington banks and trust companies has been continued during the 
past year, and interest on these deposits amounted to $10,704.92. 

Deposits are made in banks for convenience in collection of checks, 
and later such funds are withdrawn and deposited in the United 
States Treasury. Disbursement of funds is made by check signed 
by the Secretary of the Institution and drawn on the United States 

Treasury. 

The Institution gratefully acknowledges gifts and grants from the 
following: 

Mr, Claude C. Atoms, Rift to establish ‘The Harry Hlgbee Manorial Ftm*-" 
American Philosophical Society, stout for an extern Ecuador archeological 
project of Clifford Evans and Batty J. Meggers. . , .. 

American Philosophical Society sad National Science Foundation, grnnto-to-ald 
for archeological rtacarch In SMuldar Ca?e F Norther* 1™^ Wn , e_i 
Atomic Energy Commission, additional grant for the study of spect . 

indicators of lonUlng radiation aad the mechanism of the action of such 

Atomic HMtCF Commission, additional grant for the purpose of conducting a 

biochemical investigation of photomorphcgenesls la green plants. _ 

Atomic Energy Commission, grant for tritium, hellnm-S nod le 

Mrs. Laura I>. Barney, additional gift for too Alice Pika Barney Memorial 

Boll ingen Foundation, Inc., gift for the purpose of publishing color Illustrations 

for ei manuscript by EJste Clnwa Persona. . 

Mr. and Mrs. J. Bruce Bredln, gUts for the SmlthsoiiiaR.Bradin Expedition 

Carter OU Company, grant for n research project on echlnold 

Carter Oil Company end Gulf Oil Corporation, grants for the Planktonic 

Foramlnlfera Friijwfc ^ 

Colortcite Frees, grant to be used to defray the pre-press production costs 
of h booklet, “Adventure In &ele*ce at the SmlttLBonl&n. 

Committee of the Weston United Notions Paintings, gift for the I™rehese 
TSSJuw. ...1 « »■« «» pointing, *P»*M *»W 

the construe)ion of the United Nations buildings, 

GonerSlSc Company, gift to purchase the original BBntgeu X-W tube. 
g“W S^tety of Amerten, Inc,, grant for the purpoa* of bringing Dr 
MnSr Wood to the United States for collaboration for the revision of 

Johniumo^umtenhelm Memorial Foundation, gift to assist the Publication 
of "The CuHtoniB and Religion of the Ch’laug," hy D. C, Graham. 

E. P. Henderson, gift for editorial assistance in preparing notes on studies on 

Fra^Son jOT ,e*. gift to be used to further s project looking toward 
Toviskmal study of lepidopterous family TsychIdae. 

Kevorkian Foundation, gift to the Freer Gallery of Art archeology! 

xacwjss a»» 

si Ides, and other educational materials, 

Malcolm MacGregor, additional gift for the PhtiateHc Fund. 
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National Geographic Society, grant tor the National Geographic Society- 
Smithsonian Institution Ecuadorian Anthropological Fund, 

National Geographic Society, additional grunt to complete the excavations 
and related work at the archeological site In Jackson County. Alabama. 
National Science Fouudatloa, additional grant tor study of physical changes 
in the IndJlti ptfpttotion ot Huelenda Yleos. 

National Science Foundation, grants for an optical tracking and scientific 
analysis program for the U. S, Earth Satellite Program. 

National Science Foundation, additional grant to make possible the continuation 
of work of the Canal i!one Biological Area on Bnrro Colorado Island. 

National Science Foundation, additional grant for taxonomic study of the 
Phanerogams of Golem ola, 

adaiHoMl the support of research 

entitled Monograph of I- rash-water Cslunold (^pepods.'* 

Notional Science Foundation, additional grant for research on recent 
1 omm inlfera from Ifshik AtolL “ receot 

National Science Foundation, grant for the support of research entitled 
‘ Fhotoregulatbn of Growth in riaats” entitled 

"ST Sigy ■“«—1 IBM for r«»,d, » "T.™.™, 

“^ 1 ^ «•“ ™. 

’’MSISSS* tor —* - " ■»«— - 

National Science Foundation and V, S. Department of Agriculture for the 

5CVSS!T^ ”"“ M ' s ”““ ,fc s ™“- •» <*m***i <wcS 

National Science Foundation, punt for the qimi-mrt ^ . 

“Jlo rl >l 1 o | , e j-,nd ninMn of reMii. BnrtfepaH- "" “ ua “ 1 

«>« KX*™ JWMoetatf *«wi, 
Ollloe of Naval Research, additional gift to assist worit in 

(mZST* !*» ‘ W<Wtte ‘ nf ^ Wit*, of the wZ 0,1 *" 

mcVor v ‘™ * n ta vertonn aeronautical research siudles 

lelr iareSL ^ ““ ^ ** ™ ea ' c * ° D -ammnlJau hosts and 

kSE EE"* *■* “ «•*. — O, a . «. 

C S ‘ W ‘ e ™"' ■■ «< T»tau.«. b, 

assess? r *. 

For support of the Bi^Scleucea Inforrantfou Exchange - 
Atomic Ettttfj GomnLisaEfin. 

Department of the Afr Furce, 

Deparlm&nt n£ the Army, 

Department of tb^ Nary r 
Xntlnnat Bctemre frnnflAtfuL 
Public Health SerFle*. 

Veterans Admin istratton* 
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Included xn the above list of gifts and contributions axe reimbursable 
contracts. 

Thu foregoing rcpoi't relates only to the private funds of the 
Institution. 

The follow mg appropriations were made by Congress for the 
Government bureaus under the administrative charge of the Smith¬ 
sonian Institution for the fiscal year 1 >357! 

National Ecological Park--- S'S'oD 

The appropriation made to the National Gallery of Art (which is 
a bureau of tlxe Smithsonian Institution) was $1^505,000.00. 

In addition, funds were transferred from other Government 
agencies for expenditure under the directioxx of the Smithsonian 
Institution as follows: 

Working funds, transferred from lie National Park Service, Interior 
Department, lor archeological investigations la river basins 

throughput tlte United States—-—— hlJ 

The Institution also administers a trust fund for partial support 
of the Canal Zone Biological Area, located on Barro Colorado Island 
in the Canal Zone. 

AUDIT 

The report of the audit of the Smithsonian private funds follows: 

WA&iawGTON, D. ftepfem&ur 19 , 

THE &OAKD OF ilEGESTB, 

yi>SiTIfSQSlA?f iMSTlTUTIOff* 

Washington W J>* ff. 

We liave examined the financial st at cm cuts and schedules, as listed In the 
scnanpanvirB India; of the Smithsonian Institution relative to Its private 
endowment funds and gifts (but excluding the National Gallery of Art and ether 
departments, bureaus or operations administered by the Institution under 
Federal appropriations) for the year ended June 30, ltb7. Our eiamlnntlen 
was made in accordance with generally accepted aud ting standards and accord- 
iuirlr included such tests of the accounting records and mich other auditing 
procedures os we considered necessary in the circumstance*. 

The Institution maintains its accounts on a cash hosts and does not accrue 
income and expense,. Land, building furniture, «iolpment works of art 
Ifvin r: and ether specimens and certain sundry property ore not Included la the 

accounts of the Institution. . * , - tl _ 

In our opinion, the accompanying Cuoncia! statements Present fairiy me 
position of the private funds aad the cash and investments ttoti o IV* 
Smithsonian Institution at June 30. 1W7 (excluding the Nat onal Gallery of 
Art and other departments, bureaus or operations admin lateral bj Uk iMtltt- 
tion under Federal appropriations) aud the cash receipts and disbursement for 
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0>e rear then ended. In conformity with generally accepted account!principles 
applied on a basis consistent with that of the preceding year. 

t, .. PeaT, Mabwick, Mitchell & Co. 

Respectfully submitted. 


Clarence Cannon, 
Caryl P. Haskins, 
Robert Y. Fujsund, 
Executive Committee, 
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ADVERTISEMENT 


The object of the General Appendix: to the Annual Report of the 
Smithsonian Institution is to furnish brief accounts of scientific dis¬ 
covery in particular directions; reports of investigations made by staff 
members and collaborators of the Institution; and memoirs of a 
general character or on special topics that are of interest or value to 
the numerous correspondents of the Institution. 

It has been a prominent object of the Board of Regents of the 
Smithsonian Institution from a very early date to enrich (die annual 
report- required of them by law with memoirs illustrating the more 
remarkable and important developments in physical and biological 
discovery, as well as showing the general character of the operations 
of the Institution; and, during the greater part of its history, this 
purpose has been carried out largely by the publication of such papers 
as tv on Id possess an interest to all attracted by scientific progress. 

In 1SS0, induced in part by the discontinuance of an annual sum¬ 
mary of progress which for 30 yearn previously had been issued by 
well-known private publishing firms, the Secretary had a scries of 
abstracts prepared by competent collaborators, showing concisely the 
prominent features of recent scientific progress in astronomy, geology, 
meteorology, physics, chemistry, mineralogy, botany, zoology, and 
anthropology. This latter plan was continued, though not altogether 
satisfactorily*, down to and including the year 1S88, 

In the report of ISSft, a return was made to the earlier method of 
presenting a miscellaneous selection of papers (some of them original) 
embracing a considerable range of scientific invest igation and discus¬ 
sion. This method has been continued in the present report for 1957. 

Reprints of the various papers in the General Appendix may be 
obtained, as long as the supply lasts, on request addressed to the Edi¬ 
torial ami Publications Division, Smithsonian Institution Washing¬ 
ton 25, D. C, * 
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Science, Technology, and Society 


By L. R. Hafstad 

Fare President in charge of Research Stag 
G eneral Maters Corporation 

Detroit. Mkh- 


“Win* ONE neons the history of scicnea m l™ 
feeling of climbing a big mountain. The hls |^ " ' ] c ^ ,; OI , 
on oltogcther d,Iterant impression. It is not at Mltoibu*™ 
of o mountain, olwojsupward whichever °“ di 

it is rather like 0 leisurely journey across hilly co J. 
up to the top of this hill or that, then down mto unothcr vUl^y, ( P« 
haps a deeper one than any other, then up ie n _ _ \ ^ 

and so «. An erratic succession of eta** and anticlimax 

xa2jsss=S&races 

lug a mountain.” As we or.. 

human happing end 

thatlunreuoi stumbling oar progress, this on „ wor id- 

Tho great aceelerldion of both ^ ^ 

wide scale since the «ai seemi. to c o ^ a ^ |clcS j n j ourn als and 

great increase in suggestions in * 1 _ , j n in- 

periodieals, to the elect thet w«™ '^^2* „ tote high 

ss.- SS? Lemu'hLt: - 

- - *■ 

1 Presented before Siemit Xl nntl of Sci- 

r=LT? Sf CS JTSS£ w — —* 

*£2l?i5SSi- refer to notes at end of test ^ 
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velopment of substitutes is such that so far as material prosperity is 
concerned the possibilities do indeed seem limit less. 

Much has been written in recent months about the shortage of 
scientists and engineers. This seems to be a worldwide problem and, 
as might be expected, is most acute where the development of tech¬ 
nology is the most intense. It would seem to be axiomatic that the 
brave new world of plenty so earnestly desired cannot be attained 
without an adequate supply of scientists and engineers To me, and 
I am sure to many of you, it seems somewhat surprising that so much 
campaigning and propaganda should be necessary to correct a short¬ 
age so obvious. In this area, however disappointing and annoying 
delays may have been, forces are now beginning to act in the direction 
to comet the dislocation. That at least is reassuring. 

Following not more than a decade or two behind the Russians, in 
this country and in fact in the free world at large we are now be¬ 
latedly beginning to use a very potent force—the incentive system—to 
correct the shortage. Once the forces acting can be identified, we can 
isolate trends and begin to foresee at least the immediate future. 
Accordingly, since this nation chose not to act on this problem until 
the shortage was upon us, I will now venture to predict the following 
sequence of events: 

1, A continuation of the current hectic recruiting campaign with 
increasing salary scales for anyone with a semblance of training in 

science or technology, and particularly for people with advanced 
degrees. 


2. A marked decrease in emphasis on quality in our schools to meet 
the mcrensing popular demand for quantity. 

3. A period of progressively diminishing returns to industry and 
society from the attempt to substitute standardisation and quantity 
for quality in an Essential creative activity, 

4. A period of disenchantment with paper credentials as a substi¬ 

tute for education, and finally a renewed appreciation of scholarship 
and achievement. r 


There is nothing either profound or new in this cycle. It is an 
example of the 'hunting* process under the action of central forces, 

11 u ■ -— 

There is now public recognition of the problem created by the short- 
age df tanned personnel of all kinds. It happens to be. however, 

enl a rere had 'T T* °? f'?***, ** *° ***** 

engineers had already reached the table-pounding stage on the part 

f°Tr aird Io0k i n - mdlviduaIs in Washington such as Van- 
Tj r *! ush ’ ? fer 5 iam Trytten, and Alan Waterman, We must con- 
c u e, then, that in matters of this kind our particular type of society 
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seems to have a time constant-—an RC, or response time, if you 
please—of roughly 10 years. Successive responses to the four im¬ 
pulses listed above can therefore be predicted to require about 40 
years! Now it is true that in the historical sense 40 years is not long 
in the life of a civilization, but one begins to wonder what the time 
constants are in competitive societies and how such societies are likely 
to react under similar impulses. Above all, one wonders why, with 
our highly developed communications facilities, our response times 
should be so surprisingly long. 

Perhaps no small part of the explanation lies in the fact that 
scientists and engineers, who have long been aware of this situation, 
are, after all, a numerically very small fraction of our population. 
Added to this is the fact that the effects on a. society of the activities 
of this group are invariably long delayed. A complete work stoppage 
on the part, of the creative scientists would not, for example, be felt 
by our society as a whole for a decade or move. Thus it is difficult 
for the majority of our population to appreciate fully the function 
or significance of this relatively inconspicuous group. After all, the 
larger affairs of our society ate, and no doubt always will be (and 
quite properly), handled by nontechnical people. 

It is interesting to speculate about tiie somewhat anomalous situa¬ 
tion into which we have gotten ourselves. There seems to be a tacit, 
hut not clearly expressed, assumption that the purpose of the kint o 
society we favor is one which gives the greatest good to the greatest 
number. Our society has seized upon technology as a clearly appli¬ 
cable means to this end, bo far as gratifying material wants is con¬ 
cerned. One would then assume that society, or more accurately 
the nontechnical controllers of that society, would ns a matter of 
enlightened self-interest pay particular attention to the education 
and training of an adequate supply of what they refer to as “techni¬ 
cians” Instead, it is the technicians, the scientists and engineers, 
who have been calling for an increase In the supply of talent even 
though it would be to their own self-interest to restrict this supply 
of skills and thus improve their bargaining position. As scientists 
and engineers we ask the question from time to time, “For whataud 
for whom are we working!” The sociologists from whom we assume 
we should expect a reply seem bewildered that the question should 
even be asked. By them technology seems to be considered as some 
extraneous activity apparently introduced or pcrpctiated \ t ie 
scientists. 

It is this deeper conflict in outlook and attitude between the hu¬ 
manist or sociologist and the scientist or engineer w uci me ic 
greatest concern. The shortage of scientists is serious; but here the 
incentive forces are being brought into play in ft direction o eorret 
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the anomaly in due course. However, in the philosophical conflict, 
with our technology tending to become ever more complex, and with 
increasing specialization, unless current educational trends are re¬ 
versed, the technical and nontechnical components of our society will 
continue to travel diverging paths, with hunting oscillations not of 
decreasing but of increasing amplitude. 

As Sarton has pointed out, “The ominous conflict of our time is the 
difference of opinion, of outlook, between men of letters, historians, 
philosophers, the so-called humanists, on the one side, and scientists 
on tli© other. ' (2) Similarly, Mees has stated: 

While the relation between the progress of scientific discovery and the 

T2* “ 0t > the Utmmt lnt * rrat atul in] P<«tonc* to those who desire 
to understand It or, etui more, to control the changes that are occurring there 

Wha f ° U0W tb * «">!*». of history and of the 

X H^ani^T W f° T£*!*** *"• (|UCSt ** 8clentlfle ka ™ X - 

^ HumaBEsHi? ieRmlnff 4 b die learning of t he ancient; it is a study of the 

brientlOc knowledge, on the ether hand. Is a development arising from the 

t^T^voY f“ d tLelr ClB5sifleatio11 lnt0 Patterns. The separation of 

. tort types of learning has always been unfortunate; at present It Is 
serious, and It muy* Indeed, be disastrous*. f3) 

JOS?*. that there is a principle in physics which 

Sri ha i m , 0rd l r f ° r to ** ^“^nitted efficiently from one 

Idln^w **?“" tt * S neees?ar y that there* be an im¬ 

pedance match between the two circuits. Very similarly it has been 

< urateteV Cn ° e i f ° l tran?misai0n of information; or mow ao- 

STr two individM ^» *» »— 

ntt £ ?“* ** a of backgrounds. Historically such a 

matching has not existed between devotees of the humanities and 
of the sciences As far as the development and JSfS £e 
sciences by find for scientists are concerned, no matdfin* is really 

the Ss^of Lhnoli^T^* 1 *»«?** to science as 

w- n t 

- St 22 * 

mmmmrn 

matching impedances with the scientist. ““ P b f 

might have to be coLt^T V^Lriy't my^U^?^ 
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I hf j cnnit awEito of th& definition! tfi Lif 0 £0 struggle and ift day 
were so reactionary that we £Yen crime to accept it. It also be- 
came clear to mo that the struggle was for an intangible something 
called “progress.” This was a much more elusive concept and one 
which I have found intriguing even up to this day. Somewhat 
surprisingly* I learned that the idea of progress was itself ^ relatively 
recent concept in human affairs. Still more significantly, it was not 
accepted without considerable opposition and conflict. People were 
burned at the stake! All this, of course, is spelled out in the literature 
and is particularly well summarized in the too little known book by 
Professor Bury (4). The important fact which emerges, however, is 
that the idea of progress and the development of technology are in¬ 
extricably interlinked. As stated by Mces, “Technology is at once 
the source and the justification, for the idea of progress. (5) Him 
this is true seems to be accepted by scholars throughout the world 
as is evidenced, for example, by the determination of the underde¬ 
veloped countries to industrialize. The fact seems to be accepted 
everywhere except where it should be most obviously true and that is 
here in our own United States. Here in our society we demand 
progress—in fact, we seem to take it for granted as a law of nature— 
but there are influential people who seem to be doing their best in 
our education process to escape or circumvent science and technology, 
which alone can make progress possible. 

Perhaps I have overstated my case. Let us hope so. But a re¬ 
view of some recent evidence may give us a perspective in which 
to view the problem. In a recent study of high-school students re- 
ported from Purdue (6) it was found that— 

14 percent of the students think there is something evil about 


Sr [ LM1 Lists. 

30 percent believe that one cannot raise a normal family and 

become a scientist, . , 

45 percent think their school background is too poor to permit them 

to choose science ns a career. . . 

9 percent believe that one cannot be a scientist and be honest, 

25 percent think scientists ns a group are more than a little bit 


“odd." 

28 percent do not believe scientists have time to enjoy life, 

35 percent believe that it is necessary’ to be a genius to become a 

g °2T p^nfthink that scientists are willing to sacrifice the welfare 

of others to further their interests. a 

This b indeed a devastating comment, either on scientists or on 
our educational process, or both. With this the attitude among 
students, can there be any mystery as to why there is currently a 
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shortage of scientists and engineers? Since the world managed 
to survive for some centuries before the advent of scientists or engi¬ 
neers, the attitudes expressed would be quite understandable if the 
students were or proposed to become mystics and lead the contempla¬ 
tive life, which certainly has its advantages. But these were normal 
American boys and girls demanding and gutting 100-horsepower 
cars for transportation, radios, television, movies, juke boxes, and all 
the other paraphernalia of our modern civilization. How could they 
have grown to high-school or college age without learning the simple 
facts of cause and effect with respect to the technological civilization 
in which they are dearly planning to live ? 


EDUCATORS AND HUMANISTS 

I 



Figure L 

In this respect our school system is quite inadequate, in my opinion. 
The shortage of scientists and engineers is bad enough, but with some 
effort these immediate shortages can be corrected since the total 
numbers needed are not really large in proportion to the population. 
What is more serious (and more dangerous in the long run) is that 
the mass of our population, who, in a societv dedicated to the greatest 
good for the greater number, must in the end control it, remains 
m ignorance of the foundations on which that society is ba^ed. 

The contrast between the studied complacency of the educators and 
the concern of scientists and engineers with regard to this situation 
can perhaps be emphasized or dramatized by Koestler’s device of using 
a staircase to show the effects of different points of view bearing on 
the same problem. In figure 1 the humanist or so-called progressive 


SCIENCE, TECHNOLOGY, AND SOCIETY—HAPSTAD 213 


educator looking from above sees a series of plateaus or tableaus 
(since they are flat to him) and notes with amazement and delight 
that each successive tableau shows a successively higher standard of 
living. With only a limited imagination he can make the slight ex¬ 
trapolation to the point where no one has to work. Being foresight ed 
he places great emphasis on training for leisure. Being also suffi¬ 
ciently observant to note an increase of population with time, and 
bein« aware of the frictions and struggles brought about by individual 
differences, great emphasis is also placed on standardization. I or the 
convenience of all concerned, why shouldn't the “lowest common de¬ 
nominator 1 solution be picked? From his point of view it makes 

gflTlgft 

GROWTH OF WQRIO POPULATION 

TIME SCALE *■ 10,000 YEARS 



Figure 1. 

Now look at the same staircase from the point of viewof the 
scientist. He sees each plateau merely as a hesitation point between 
struggles to attain a higher level. To him progress ^presents'work, 
andfe is convinced that further progress cannot be m*k> w toout 
struggle. To him there is nothing automatic or guaranteed in the 

comfortable and continuous progress which the humanist and p g 

sire educator seem to take for granted. ■ j t 

A rough indication of the relative contributions of. 
nology can be seen from figure 2, adapted from the book 1^*™“ 
Brown (7). This shows the extent to which science and 
have dominated modern life. Art, literature, 

government, law-all have been with us from prehistoric timea As 
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H. G. Wells pointed out, the first episodes in recorded history involve 
the quarrels of Sumerian priests. Apparently none of the accomplish¬ 
ments of these groups was sufficient to break the monotonous cyclical 
nse and fall of the same kind and level of civilization in merely 
different locations, such as in China, Egypt, Greece, and Rome. Tak¬ 
ing simple survival ns the lowest level of human happiness and in¬ 
tegrating for all mankind, we find a total contribution for the 
humanities, as given by an extrapolation to the present time, of the 
fimt part of the curve of figure 2* The rapid growth of the popu¬ 
lation curve after the seventeenth century is commonly attributed to 
the development of science and technology, so the relative contribu¬ 
tion of these disciplines to humanity as a whole can be taken as 
roughly three to one over that of what used to be called tlie humani- 
.ies. Considering the relative contribution of these two kinds of 
activities to the goal of mankind, one wonders whether perhaps the 
names should not be interchanged! 

Since our society has chosen for itself a kind of civilization which 
is so overwhelmingly dependent on advances in science and tech- 
nology, it is only prudent to ask how we can expedite our progress in 
these fields. Here is where the shortage of scientists and engineers 
comes in, I will not attempt to review but merely cite some of the 
many excellent and realistic articles on this subject. Significant in 

my opinmn, are recent articles by Stratton, Raaawefler, Kickover, 
liestgr^and R&ckman (8). 

These articles, by unquestioned authorities in their fields, point out 
inadequacies m our present educational system in so far as the produc¬ 
tion of technical personnel is concerned. 1 agree heartily, hut I wish 
to make a deeper criticism. Even if an entirely separate educational 
channel were provided which more than supplied our foreseeable 
needs for engineer I contend that the education of the rest of the 
citizenry should include a basic understanding and appreciation of 
our technological society, both its strengths and its limitations. Above 
all, at some point m the education process it should perhaDS be 
brought to the attention of the students (very delicately ^ before 
to avoid psychical trauma) that progress cannot be made without 
struggle, nor freedom enjoyed without personal responsibility 

wh ? r g r t r tfntJon that thoee wb ° ^ ***** 

teach, and accordingly that those who have taken an active part in 
creating our technological society should he best able to interpret it 
for others, t nfortunately the very shortage of technical talent exerts 

011 5kiUed in these fields ^ concentrate on 

Jnt 1 PTO , b rT S ' , Scif ' ntlSts and en s inccrs «« notoriously inarticu- 
ato, so a suitable education should include a heavy concentration on 

the arts of common mat,on. This might 1* acquired in our elementary 
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oy secondary schools, but in olir present predominantly supd'kinder- 
garten system of education it is postponed until college. Here it is 
in conflict with the needs of ever more highly specialized professional 
training. The engineer remains inarticulate and the general public 
uninformed; thus the impedance mismatch is continuously increased, 
not decreased, and must eventually approach instability. 

Dr. Glenn Prank stated this problem with fine understanding- 

Ho said , 


The practical value of every «odal invention or material discovery depend* 
upon its being adequately interpreted to the masses. The future of scientific 
progress depends as much on the interpretative mind as it does utwn the 
creative mind, . . , The interpreter stands between the layman, whose hoewl- 
edge of all things is indefinite—and the scientist whose knowledge of one thing 
is authoritative.. . , The scientist advances knowledge,... The interpreter 
advances progress.--. History affords abundant evidence that dvlli*aUon 
has advanced in direct ratio to the efficiency with which the thought of the 
thinkers has been translated into the language of the masses, (ti) 


In contacts with students and even with reasonably informed 
grownups, I have found not only that such simple and busk things as 
the relation between research and engineering, between technology 
and the standard of living, or between progress and incentive, are 
not understood but also that the discussion of these concepts is itself 
a fascinating new experience- An Operations Research approach 
to some of these problems might prove quite rewarding- 

Here are some simple examples which I have found to stimulate 

considerable interest in discussion groups. . . 

First, in regard to the relation between science and engineering 
or research and engineering, let us look at figure 3. This graph shows 
tlie usual growth curve for costs of a project of some kind, -\0t» 
that the costs during the research or information-gathering phase 
are small. It is only at the beginning of the development or inven¬ 
tion phase that there is anything tangible to consider and (hat costs 
begin to mount. It is here that the businessman first begins to take 
an interest, and it is this phase of the effort which ho considers 


To a research man, however, the picture looks entirely different. 
The business of the researcher is to get really new information, to 
discover a relationship which previously had never been known, o 
do something— not better or cheaper than somebody else— but to do 
something for the first time in the history of the human race. Fe- 
seareh discoveries are re rely spectacular but may nevertheless be 
highly significant. Thus, to bring out what is important in research 
we might plot, not dollars expended, but the ratio of the m formation 
available in a certain field before an experiment to that available 
after the experiment. If something truly now has hoen discovered, 




■IS 
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th)3 ratio becomes infinite and a replot of our previous figure in 
erms of tins ui formation ratio becomes as shown in figure 4. This 
curve emphasizes baric research, the acquisition of knowledge for 
its own sake. b 


DEVELOPMENT CONTRIBUTION 
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our modem industrial civilization. I maintain it is not. It is society 
itself, and particularly the nontechnical part of society, which creates 
the demands that are the motive force behind our technology. 

Let ns turn to another basic question, the relations between stand¬ 
ards of living, education, and technology. Much of the energy in om 
educational system these days is focused on new thories of teaching 
which will avoid grading and thus any semblance of conflict and com¬ 
petition. This is no doubt desirable sociologically, but apparently 
so is a rising standard of living. This presents a painful choice. 
In technology if incentive is removed, so is struggle, and if st ruggle 
is stopped, so is progress. This leveling process could, of course, 
be carried out at any point in the history of a civilization, so it is of 
interest to sec what*would have happened had it been carried out at 
some previous times in our own history. The results are shown in 
figure 5 (10). Who made the greatest real contribution to the goal of 
the humanist, the engineers or the self-appointed Robin Hoods of 
1909, those people who thought all our social problems could be solved 
by a redistribution of tbe wealth at that time ? 

RESEARCH CONTRIBUTION 


% 

IMPROVEMENT 


TIME 



Flfll'iS 4* 

Finally, let us consider a little further the relationship between 
incentive and progress. Let us assume, following the jj* 
son of the Bureau of Standards, that the actual innate ability of 

a population are given by a probability disfanbution 
. ft—.—, ft 1„ „ for comparison let us now imagine a per 

fectly “efficient and just’’ social system 

individual a contribution proportional to his ability i. 
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him in accord with his contribution. The dollar income curve would 
then coincide precisely with the ability curve A. Hut there are many 
other criteria society can choose to specify the income curve. In the 
United States we originally chose to give “rote of progress great 
importance in our specification* and emphasized incentive^ but we 
balanced this with benefits for Hie imderprlvilcged, which gave us 
a distribution curve, according to Dickenson, something like B, The 
Marxian criterion, on the other hand, was rom each according to 
his ability to each according to his need. s The experiment uas tried, 
as we all know, and according to reports resulted in a peaking of the 
curve just at or barely above the subsistence level, as in curie C< 
Clearly this represented a sharing of poverty T as Herbert Hoover has 
so aptly phrased it. This failure of a social thcoiy forced the Soviet 
to adopt the u New Economic Flan,” with a return to emphasis on 
inventive to bring out the potential contributions of the able + ^ Tho 
new curve, of course, has a new specification which I am sure is in¬ 
tended to maximize progress. To attain such progress, however, the 
Communists have distorted their reward curve to some such curve 
as D, with the mass of the population at subsistence level and a 
pampered elite at the top. Tire stresses and strains thus introduced 
into their society nre only now becoming evident. 

In summary, there is a continuing divergence in point of now 
between the sciences end the humanities. With the sciences, through 
the mechanism of technology, being called upon to make an ever- 
increasing contribution to a society as specified by the humanists, 
there is serious cause for concern in the fact that the educational sys¬ 
tem at the elementary and secondary levels seems to be out of step 
from a svstems-engineering point of view with the foreseeable n«-‘ds 
of such a society. The desire for “progress” cannot be reconciled 
with the lack of attention to, and an incentive for, students of ex¬ 
ceptional ability. Similarly the desire for “progress” is inconsistent 
with the trend toward effortless education, and the substitution of 
pastimes for disciplines. Finally, the assumption that a larger and 
larger population can be supported on and by the work of a ntnaller 
and smaller fraction of highly trained creative specialists leads io a 
social structure like that of an inverted pyramid. Even more acute 
than the current shortage of scientists and engineers is the shortage 

of people who both can and will carry responsibility. 

TVith increasing complexity and spec i all mtion m the tech meat 
fields the gap between the sciences and the humanities becomes an 
over- widening one. This adverse tendency could be reduced by in¬ 
suring that students of science were given a better grounding in the 
humanities, while students in the humanities were given a better 
background in science. This, however, would require mor* rather 
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than less disciplined study in both fields, and runs counter to the 
current educational trends. 
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By Elliott B* Roberts 
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United Statu Coast end Geodetic Survey 


firatli five pEnr^f] 

Whex the Coast and Geodetic Survey opened its doors to business 
on February 10, 1957, it became our Xutlon’s first technical bureau 
to celebrate a 150th birthday, and one of the few agencies besides 
the Army, Navy, and other executive departments to reach such age- 
An infant bureau of the early nineteenth century has grown into a 
modem service responsible for much geographical exploration and 
scientific and teclinologicnl accomplishment. The birthday of this 
service draws attention to its long history—one having many high* 
lights of significance to the Xavy. 

It is hard to believe that only 150 years ago the charts of our coasta 
waters were so few and sketchy that navigation was uncertain and 
dangerous—that our 60,000 coasting vessels had to endure heavy 
losses each year because every move about the coast was an uncertain 
adventure. ’ Isolated sketch maps from the British Neptune, the in¬ 
adequate notes of Captain South** and of the British Pilot, and 
the charts and sailing directions published by Blunt—all were in¬ 
complete and full of errors. The country was essentially without 
charts-of all instruments of navigation the most fundamental. 

Thomas Jefferson and others, including members of the American 
Philosophical Society, had long agitated for a Federal program of 
hydrographic surveys. In 1807 Congress took care of the matter, m 
effect ordering complete surveys of our waterways, by authorizing 
the “Survey of tlic Coast,” a new bureau to be assigned to the Treas¬ 
ury Department. The fledgling agency, for which no precedent 
existed, had a hard time getting started. After long delays, however 
under the ministrations of a scientific genius who antagonized and 

~R CI ,rlnl7d by pennon iron tee W. S. VM Imitate Pr^loae. 
February 1B57, 
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angered almost all officialdom, it finally found its place in the grow¬ 
ing land. As now territory was annexed, the job grew larger before 
it was even started. This undertaking, which Congress supposed 
would he finished in a few year's, has now taken 150 years, and no 
end is in sigh t 

The “Survey of the Coast, ,} known in midcentury as the “Coast 
Survey,” eventually became the “Coast and Geodetic Survey” when, 
in 1878, its nationwide geodetic surveys, necessary as a foundation 
for maps, were recognized as a basic function. In 1003, the Survey 
was removed from the Treasury to what is now the Commerce De¬ 
partment. In its long history there have been many events and 
outstanding men, of which we can here glimpse but a few. 

In this period of serving the maritime, mapping, and, more lately, 
the aviation interests of the country, the work of the Survey has 
brought it into continuous and often intimate relations with the mili¬ 
tary agencies. It has been merged on more than one occasion with 
the Navy, only to he separated again on the grounds that its highly 
specialized work required the administration of scientific rather than 
military heads. Ihe Navy has, of course, Jong had its companion 
agency, the Hydrographic Office, for the discharge of commitments 
in foreign areas and those having special military significance, Dur- 
ing long periods Navy officers served Survey duty assignments, often 
with great distinction. There still exists a law authorizing such 
assignments on the request of the Survey, but it has not been used 
since the Spanish-American War. Frequently, in the early days, 
Army officers, usually topographic engineers, were also so assigned. 

Many of the skills of the Survey—reconnaissance surveying, geo¬ 
detic w ork, photointerpretation, and chart prod net ion, for instance— 
have military significance. In every war its officers have served on 
direct detail with the military forces, engaging in many campaigns 
as surveyors and scouts, map compilers, pilots, and navigators. Its 
ships as well have performed many duties with the Navy. In part 
because of these military connotations of the work and the nature 
of its field operations and customs, the Survey became a commissioned 
servira during World War I, subject to military duty in wartime. In 
World W ar II six of its ships served with the Navy, and numerous 
officers m ranks up to Captain were assigned duty in naval and other 
military commands, often in heavy combat. 

When I resident Jefferson found himself charged by Congress 
with the duty of starting a national hydrographic survey, he asked 
the American I hilo&ophieal Society to recommend an expert to take 
charge. There were no established procedures, and so the Society 
invited proposals from respected engineers, including Janies Madi¬ 
son, for starting the work. The best plan of those received was from 
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ft Swiss geodesist seeking a career in America, Ferdinand Hassler. 
It offered a brilliant solution and a work of high scientific quality, 
with astronomic determinations of “remarkable points on the ceast, 
a fcriangnlation survey to establish controlling points for the detail 
work t and a nautical survey of the coastal watery to show the shoals 
and the navigable channels, Hassler thus became the first Superin¬ 
tendent and organiser of the new bureau ftnd the author of its creed. 
Because of hb profound and lasting influence, he deserves much atten¬ 
tion in any historical account of the Survey. 

Header was ahead of his time, mere Congress meant to provide 
for the needs of the moment, he saw a chance to build for the future. 
Time and cosat were not to be considered in meeting this challenging 
problem, which called for well-ordered development from a technically 
firm foundation. To fulfill this ideal wus his determination. He 
was indomitable—also improvident, proud, and intolerant. His be¬ 
ginnings were understandably halting, while Congress cast him aside, 
then in despair called him back. Though by his nature he defeated 
his own ends, he did finally see his vision come true, after a lifetime of 
effort. His greatest gift to America was not the surveys he accom¬ 
plished—it was his reverence for sound thinking, integrity, and ac¬ 
curacy, which have endured as basic elements of bunc) philosophy. 

Header had nothing at the outset Needing theodolites and other 
scientific tools not available in America, he had first to visit Europe 
to get them. Copper of suitable quality for the chart engravings 
was lacking, as indeed were qualified engravers themselves, who 
could not be found nearer than Germany. In London he had a 
“great” theodolite of 24-inch circle built to Ms own design by a. 
Trough ton. He collected reference books, standards of messure- 
menCand other necessities. These dealings took a long time; more¬ 
over political disturbances intervened to lengthen his stay to years. 
His impractical zeal resulted in his exceeding his $50,000 authoriza¬ 
tion, and he had to come back at his own expense, under severe 

censure 

Many things, including lack of funds, delayed the start of opera¬ 
tions until 1316, when the first work m preparation for the survey of 
New York Harbor was undertaken. At the outset, arrangements for 
the measurement of a baseline near Long Branch were interrupted by 
the first of a long series of controversies—in this case a lawsuit abo 
some branches of a cedar bush used as a temporary survey - 
Tins, however, was less serious than the impatience of Congrcss wMch 
expected results practically overnight Haulers deteonmation to 
build a Strong foundation, with a geodetic survey before ever a sound¬ 
ing was token, left Congress fuming with impatience and ™™*mng 
what he was about. Financial support was withdrawn before the 
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submission of the first annual report of progress—thus there began 
another long period of inactivity while Congress tried to get along 
without Hassler, 6 

His personal means gone, and a sufferer of persona] privations, 
Hauler clung nevertheless to his dream. Temporary relief came 
m ibis m the form of a commission to mark the New England 
Boundary with Canada, as required by the Treaty of Ghent. No 
one else could be found to do the job. A quarrel with the British 
surveyors developed over certain geodetic problems having to do 
with the ellipticity of the earth, Hassler carried his point, obtaining 
a fayorebie demarcation, and he thus became the firet of many Coast 
. e} engineers to lay down, confirm, or adjust local or national 
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charted, Hassler was ready to sound the waters. The schooner Ex¬ 
periment was the first of a long line of surrey ships to sail back and 
forth across the sea, sounding by cast of the lead, and fixing position 
by three-point fix controlled by sextant cuts on the survey signals 
ashore. She did not last long, but she was joined, before her retire¬ 
ment two years later, by the brig Washington f a former revenue cut¬ 
ter and very clumsy vessel which did her work very slowly but well 
enough. The Washington displayed her sturdiness by surviving 
one of die most dramatic storm disasters in American maritime his¬ 
tory. Contrasted with the efficient hydrographic ships of today, 
those labors were primitive indeed! They represented to Hassler, 
however, and to an impatient Congress, the first fruits of his work. 

Among the first visible benefits was the finding of numerous rocks 
and ledges, hitherto unknown, in Long Island Sound. . Singu¬ 
larly striking was the discovery by Lt. T. R. Gedney, on assignment 
from the Navy, of a deep channel approaching New \ork from the 
southeast, passing near Sandy Hook. This had the utmost naviga¬ 
tional importance. It was realized that, had Gedney Channel been 
known in 1778, a surreptitious entry of the friendly French fleet might 
have been effected with disastrous results for the British vessels 
within- Hassler had the satisfaction, before bis death in 1843, of 
seeing the first surveys done from Point Judith to Cape Hen lo pen 
some 0,000 square miles of charted urea containing 1,800 miles of 
shorelines. 

Hassler may have, been as consecrated a public servant as ever 
lived. No one could doubt it who saw him as he sat night after 
night in his office, after midnight at a table lit by candles, checking 
computations, verifying map sheets of soundings, or writing his re¬ 
ports. He was doing work for which his meager appropriations did 
not provide workers, and he was seeing personally to the attainment 
of his own impeccable standards. When lie could spare himself from 
his office or from the incessant demands of Congress for explanations 
and justifications, ho endured the hardships of field life. It was on 
such an occasion in 1845 that, during a storm, he fell in the dark 
trying to protect one of his cherished instruments from the elements, 
injuring himself upon a pointed rock and subjecting himself to 
exposure. Aged 73 years and weakened by a lifetime of relentless 
work, he died in pursuit of his vision, probably little realizing how 
enduring his example was to be. „ 

The Bureau grew rapidly in size and in the strength of its or¬ 
ganization under Headers successor, Alexander Dallas Bache, who 
served until 1867. One of America’s all-time great educators and 
scientists, this great-grandson of Benjamin Franklin had intellectual 
curiosity, progressiveness, organizing ability, and personal charm. 
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Having graduated with high honors from West Point, he was quali¬ 
fied in military science. He found time to design the military defenses 
of Philadelphia, while directing the Coast Survey participation in 
the campaigns of the Civil War. He was one of the founders and the 
first president of the National Academy of Sciences. 

Bache fell heir to the entire Atlantic and Gulf coasts, soon to be 
augmented by the admission of Texas in 1848, and California soon 
after. He divided the area into districts, speeding the work at once 
in all parts and presenting a picture of progress favorable for political 
appraisal. This required the development of a strong corps of 
assistants. 

Lt. Cdr. W. P. McArthur began hydrographic surveys in Cali¬ 
fornia with the USS Ewing even before the gold rush. In 1849 he 
started work at San Francisco to meet the influx of traffic, only to be 
interrupted by a mutiny of the gold-crazed crew-—the only mutiny in 
Survey history.* 

McArthur was responsible for the selection of the Mare Island 
site for the famous naval base. His pioneering work in the West, 
continued by a line of outstanding descendants, has left his name 
permanently known in the Pacific Northwest. 

Assistant George Davidson, veritably the father of science in 
California, went west in 1850 to start geodetic and topographic work 
related to the hydrography of McArthur and others, and he spent 
most of the next 50 yeans in that new land. A tireless worker in 
various fields, he surveyed much of the western coast, investigated 
tidal and hydraulic problems, operated an astronomic observatory, 
wrote geographical notes and compendium?, organized the California 
Academy of Sciences, and taught in the university. He induced an 
eccentric millionaire, James Lick, to endow one of the world's great 
astronomical observatories. Davidson, and later Assistant W, H. 
Dali, made reconnaissance surveys and wrote coast pilot note? neces¬ 
sary to the opening to navigation of the dangerous waters of the 
Northwest, and Alaska. Davidson's first pilot notes of the west coast 
appeared in California newspapers as early as 1848—far ahead of 
the first official Coast Pilots of the Bureau, which began in 1875 
with a book on the Gulf of Maine. 

Bacho had the responsibility of guiding the Civil War operations 
of the Bureau. These were of many kinds, confirming earlier ideas 
regarding the potential military value of the work, particularly in 
coast defense problems. Almost countless campaigns found their 
progress dependent on technical services rendered, by Coast Sur¬ 
vey men. They worked at New Orleans and Vicksburg, at Lookout 

* See The Eieln/f mutiny, by Thornton Emmytus and Ilomer C. Votnw In U. S. 
Naval Institute Proceedings, January 1053. 
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Mountain and Chickamauga, in the Shenandoah Valley and on Sher¬ 
man’s march. The naval victory at Port Royal, possibly of decisive 
effect on the course of the war, was partly the result of reconnais¬ 
sance, piloting, and mine laying by Assistant C. O. Bouteile, Lt Cdr. 
C. H. Davis, and others. 

In later wars the diverse skills of the Survey contributed to opera¬ 
tions in all theaters. World War II, with its numerous amphibious 
operations, presented especially difficult requirements for surrepti¬ 
tious beaclihead surveys, often made at night by Survey officers <m 
military assignment, for the study and prediction of tidal regimes, 
and for the emergency charting of perilous waters in the little-known 

island groups. , , . ■ ,, 

Very early in the time of Bache, the slow speeds and unwieldy 

properties of sailing vessels Jed to the trial of steamere. The hist 
of these, the Bibb, began work in 1847, after tests by then Lt, C. H- 
Davis, who later became a Rear Admiral and Superintendent of the 
Naval Observatory. His testa of the Bibb signaled the change from 
sail to steam, perhaps the greatest of the early technological advances 

in hydrography. , , 

Major ships of the Survey today displace two or three thousand 

tons, and they are built to be fairly wide and steady, for much launch 
handling is necessary for the survey of inshore areas. Speeds are 
moderate, but the complex of electronic instruments devoted to survey 
operations is impressive. There are at present four such ships in the 
Survey fleet, with two more authorized. In addition, tenders of a! 
sizes capable of maintaining themselves at sea are used in intermediate 
areas too exposed for launches but too close in for major ships. All, 
ships and launches alike, work with sonic gear permitting rapid and 
comprehensive scanning of the sea-bottom features. All, moreover, 
but the launches, are capable of working with radar, shoran and he 
Survey’s electronic position indicator system, known as EPI. It « 
hard now to fmd u quartermaster fully skilled in the ancient art of 

K Th^wir'If hydrographic work during and after the time of 
Bache saw continuous improvements and inventions of equipment 
and methods. Lt. George SteUwagen, opening on Georges Bank 
invented a bottom sampler, while Lon rs Agass,. made 
Florida coral reef growth especially for the Survey. Lt. Matthew 
F. Maury, the great oceanographer of the havy and lon & S p 
tendent of the Depot of Charts and Instruments, though not officially 
assigned to the Survey, worked in such close association that lie was 
naturally identified with it He originated the use of wire in 
of hemp'for deep-sea soundings, vastly improvmg:accuracy and sp«d. 
Registering deep-sea thermometers and water samplers were invented. 
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Ll John E. Fillsbury, who became a Rear Admiral after distin¬ 
guished service in the Spanish War, spent many years in the Survey, 
advancing the techniques of deep-sea exploration and inventing a 
direction- indicating current meter of great value. Surface current 
observations carried out by tracking marked bottles led to the in¬ 
tensive study of the Gulf Stream in 1848 and since. 

Among the many outstanding later developments in oceanographic 
instrumentation were those of Comdr. C. D* Sigsbee, later a Rear 
Admiral, whose name is immortal for bis contributions to deep-sea 
exploration. He commanded the Blake in the Gulf of Mexico in 
1875-77, where he adapted Sir William Thomson’s sounding machine 
to deep work, in part by the addition of a registering sheave to indi¬ 
cate the length of wure paid out- He also invented a water cup to 
bring up samples from several depths at one haul, and a collection 
trap for biological samples* In addition to these effective means of 
perpetuating his memory, he later commanded the Maine when she 
was lost at Havana. 

In the early twentieth century, Nicholas Heck and others developed 
the wire drag, following the wrecking of the cruiser Brooklyn on a 
pinnacle rock at New Bedford. This method, an improvement on 
earlier clumsy pipe sweeping devices, has been widely used to sweep 
the passages of rocky coasts to disclose hidden dangers f such as the 
famous “Washington Monument Rock" which rises to within a few 
feet of the surface from general depths of 650 feet in southeast 
Alaska. 


A relatively recent development is the fathometer* brought into 
useful form by the Submarine Signal Company with the help of the 
Survey. Its value is beyond reckoning. Another was the radio- 
acoustic ranging system, used for many years ns a distance-measure¬ 
ment; device until superseded by electronic posit ion-rinding methods. 
Radio acoustic ranging used the transmission times of underwater 
sound signals. In the course of development work in this field, 
Gttndr. 0. W, Swainson and Dr. Karl Dyk, working off the Cali¬ 
fornia coast on the Pioneer in the early lMCPs, discovered and ex- 
phmed a striking phenomenon, earlier predicted by A + L. Shalowitz, 
which later led to the operational use of SQFAR, a signaling device. 
Sound signals travel great distances when directed into certain mini- 
mum-velocity layers, constituting effective sound-conducting channels* 
Vast areas of offshore hydrography, controlled by the radio-acoustic 
ranging method, have benefited by this fortunate circumstance. 

Charts m Hiissler’s time were laboriously prepared by engraving 
myriads of details on stone or copper plates, from which impres¬ 
sions were made by hand. The first one of all, showing Newark Bay, 

gT t ,e St0ne : which G* ve P°° rer definition than copper. 
In 1844 the first copper-plate engraving, of New York Harbor, was 
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prepared. In 1850, processes had been so speeded that the first sheets 
from the west coast resulted as published charts within 20 days. The 
Bureau gradually assembled a large group of skillful men whose 
artistry resulted in some of the most beautiful chart engravings erer 
seen. This craft endured until recent years, to be supplan ed at last 
by newer methods of glass-negative engraving and photolithography, 
developed largely in the Survey in the unromantic cause of efficiency. 

The first years of chart production saw perhaps 4 000 copiesi pro¬ 
duced in a year. These were all nautical charts. With the advent 
of aviation and the sudden great growth of air navigation, the 
bureau had thrust upon it a duty of supplying aeronautical charts 
as well, a duty which multiplied the cartographic and pnn ing wok 
many times. A vast number of general aeronautical charts have been 
required—World Aeronaut leal Charts, regional, sectional, and r u 
charts—as well as special facility and airport approach and landing 
charts. The multicolor presses of today have delivered more lhan 43 
million nautical and aeronautical charts in a year, many o . . 
printed cooperatively to augment the reproduction facilities of the 
Hydrographic Office and other Federal chart agencies ^ de¬ 
velopment of the crude chart of olden t,mes into a highly special ed 
instrument of navigation has involved a long series of cb ^f f; S °' 
plification, and adaptation. Chart use is now implicated by the 
requirements of high-speed navigation, radio, and rada . J* * 
and other new practices not dreamed of m the early nineteenth 

“seT-Lcl studies, th. handmaiden to 

had to be carried on. Tide gages were widelydistributedandtbe 

analysis of tidal regimes begun in USB, n |^ P n f 

of tide predictions for use m ship operations, distant Joseph 
Saxton invented an automatic-recording tide gage. Basic hydro 
dvnamic theories of tidal motion were later developed by Assistant 
William Ferrell and elaborated by mathematician Roll in Hams. 
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Capt, O. S. Reading, a recently retired photogrammetrist of the Sur¬ 
vey, developed a 9-lens mapping camera particularly adapted to the 
survey of coastal areas. From a height of 14,000 feet, it can snap 
all the details ill 121 square miles of land-—a tremendous aid. in the 
incidental problem of shore mapping, notwithstanding the Intricate 
processes of photo interp ret at ion, rectification, and compilation. 

The 1,200 triangulation stations originally laid down by Hassler 
were forerunnel's of a vast structure of geodetic control surveys of 
the utmost importance in all areas of engineering and natural- 
resource development. IS a die started the eastern oblique arc of pri¬ 
mary triangulation destined eventually to reach from the Bay of 
Fundy to New Orleans. This, and the later great transcontinental 
arc across 2,500 miles of varied terrain from coast to coast, have 
figured in scientifically important investigations into the most basic 
and fundamental properties of the earth itself. 

Widespread improvements in the fieldwork methods of astron¬ 
omy and geodesy have been higlilighted by such dramatic innova¬ 
tions as the use of the electric telegraph in 1648 for the determina¬ 
tion of longitude between land stations, and Bache s apparatus for 
measuring a 7-mile baseline with an uncertainty of only one inch. 
Baseline work, first done with iced measuring bars placed end to 
end, later employed tapes made of metals that do not change length 
with varying temperature. Such improvements culminated in the 
precision that permitted the triangulation of the distance between 
two California mountain peaks used by Michelson in his classic 
determination of the speed of light—a distance fixed with a residual 
probable error of less than one part in five million. Geodetic sur¬ 
vey work has seen innumerable smaller improvements, including light 
and portable theodolites, heliotropes, and electric signal lamps to pin¬ 
point signal points at great distances, and the Bilby steel towers, 
portable and far faster to use than wooden ones, for the elevation 
of instruments above surrounding objects. New methods of distance 
measurement directly by radio or light-beam methods are under test 
now and provide possibilities of superseding time-honored methods 
of triangulation. 

As a necessary corollary to the involved reductions of geodetic 
computations, gravity investigations were started in 1875, using 
Bessel pendulums, later supplanted by temperature-insensitive invar 
pendulums and the present improved apparatus, Such investiga¬ 
tions led to earth-crustal studies by later geodesists John Hay ford 
and^ h illiam Bowie, who became authors of the fundamental theory 
of isostasy upon which modern notions of mountain building and 
other tectonic processes are based. Capt. Bowie, one of the out¬ 
standing modern scientists of the Survey, was a strong advocate of 
comprehensive national mapping programs. He had much to do with 
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the establishment of coordinate systems designed to bring the benefits 
of geodetic control to all surveyors. He was ft!so the architect of 
the existing 1927 Xorth American geodetic datum, which resulted 
from one of the greatest mathematical feats of general adjustment 
in the history of geodesy* 

Benjamin Peirce* one of the foremost mathematicians of the country 
and also a Superintendent of die Survey, employed his son Charles, 
who worked several years before going on to become a world-famous 
philosopher and author of the theory of pragmatism. Bureau mathe¬ 
maticians, trained to recognize faultless observations, were called 
on to examine the questioned Xorth Pole observations of former 
Surrey draftsman Kobert Peary. These* as the world knows, were 
found beyond possibility of falsification, closing Lhc controversy 
by a simple demonstration of the truth, and paving the way to his 
receiving the rank of Rear Admiral from a grateful Congress, 

Later officers have served as special experts and adjudicators in 
numerous trials over riparian rights, waterfront land grants, and 
other beach problems* Some such cases have involved millions of 
dollars, and one concerned the actual ownership of parts of the naval 
base sit Mare Island. Today such special knowledge is in demand 
in cases of offshore rights involving the troublesome problems and 
definitions of seaward boundaries. 

rinns initiated by Hassler and carried forward by Bache end his 
success's to investigate the elusive and little-understood magnetic 
forces that actuate the compass needle have led the Survey to the 
operation of several fixed observatories, where instruments of great 
sensitivity make continuous recordings of the fluctuating magnet¬ 
ism. They provide the magnetic information necessary' to the use of 
magnetic compasses in navigation, thus serving all ships and aircraft. 
They help monitor radio communication conditions, use of radio 
navigational aids, and the prediction of radio fadeouts. They pro¬ 
vide basic information for the interrelation of magnetic prospecting 
surveys made in the search for oil and minerals, as well as for the 
use of military implements. 

The first, isogonic chart w’as published in 1355, partly as a result 
of the use of a magnetometer of Bache's design. The Survey has 
now been legally designated as the nation's collection agency and 
repository for world magnetic data, and it compiles all American^ 
issue magnetic charts, including world charts prepared for publica¬ 
tion by the Hydrographic Office. 

Experience in the exacting task of operating magnetic observ¬ 
atories led to an assignment of like nature ill 1925, when the respon¬ 
sibility for sei sinological investigations was added* This called for 
similar skills and took advantage of the existence of the observa- 
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tor tea, excellent places to operate seismographs. The Survey there¬ 
fore detects, locates, and studies earthquakes for scientific purposes, 
as well as for practical ends having to do with engineering precau¬ 
tions* public safety, and insurance rates* 

The interest and observational skill of the Bureau in geodesy, geo- 
magnet ism, seismology, and some aspects of physical oceanography 
have led to its selection as the operating agency for substantial por¬ 
tions of the United States program for the International Geophysical 
Year of 1957-58, Field activities of this program will augment those 
of many other countries joined together for worldwide cooperation 
in this event, as in the previous two International Polar Years of 
1882-83 and 1932-33, which provided important scientific advances 
in geophysics. 

The discovery of gold in Alaska in 1382, and the later Klondike 
gold rush of 1397, speeded the northern work and started a long and 
still unfinished story of charting in that remote, austere land. 
All later Survey oflicers have had their share of battling what have 
often seemed to be hopeless odds of weather and terrain. The waters 
of Alaska, infinitely complicated and strewn almost everywhere with 
rocks rising out of the depths, have nevertheless great importance in 
the development of the territorial resources of fish and minerals. Al¬ 
most unbelievably dismal, and tom by some of the world's worst 
weather, the seas and waterways of the territory are nevertheless 
exquisitely beautiful at times. Every man who has put in his time 
sounding its channels, surveying its craggy shores, or tracing bound¬ 
aries through the muskeg must, count it a highlight of lus life* 
The peaks, bays, headlands, and glaciers bear the names of Dali, 
Mendenhall, Fans, and many other Survey field men. Literally 
hundreds of places have names betraying the visits of tine famous 
steam launch Cosmos and other survey vessels that spent their years 
in those waters. 

Much the same can be said of the other great overseas undertaking 
of the Survey, involving the provision of modem charts for the 
7,000 islands of the Philippines, Beginning in 1901, this became a 
routine part of every Survey career—an interlude spent in a tropical 
wonderland where the weather was almost always good, the scenery 
lush and beautiful, and where experience was gained apace, despite 
certain drawbacks of local insurrections, unfriendly natives, tropi¬ 
cal heat with pests and fever, and typhoons. Starting from nothing, 
a basic modern survey was made in 40 years, and a skilled hydro¬ 
graphic and geodetic service developed in time to be handed over to 
the new government of the Republic after World War II. 

When Hasaler died in 1343 it is probable that he little realized 
how enduring his example would be. On this 150th anniversary of 
his bureau, the realization becomes vivid indeed! 


Cosmic Kays from the Sun 1 


By Thomas Gouj 

Professor of Astronomy 
Unroof d University 


I With one plate i 

Cosmic radiation is a phenomenon that has been of the greatest 
consequence to the development of modern science. Nature provided 
us there with an incessant stream of very fast and very energetic par¬ 
ticles which come into the atmosphere from outer space and which 
could be put to excellent use. Many of the important discoveries of 
nuclear physics were made with them, and they have given many times 
a foretaste of the work that could bo done with the great machines 
the cyclotrons and synchrotrons for which quite properly many 
millions of dollars are now* being spent. 

This stream, as we know now, consists chiefly of protons, the nuclei 
of hydrogen, which arrive with energies as if they had been subjected 
to electrical acceleration by a machine giving from 1 billion to 1 bil¬ 
lion billion volts. The lower range of energy can just now be matched 
by the synchrotrons, while the upper energies are very far outside 
the capabilities of any technical device which we can at present con¬ 
template, Although the universe is large and contains many localities 
that we are still quite ignorant of, it is very difficult to suggest where 
and how gigantic natural machines of the sort could be at work. This 
problem is in fact such a great one that one has from time to time 
wondered whether there is some great gap in our basic understanding 
of Nature and whether the cosmic rays are perhaps the result of some 
fundamental process of which we are quite unaware. The alternative 
is to find within the known fabric of astronomy places and situations 
where gigantic natural accelerating machines could be at work. The 
sun has greatly helped us with this. It has demonstrated beyond any 
doubt that it can make a contribution to this stream of high-energy 
particles on some occasions. The sun is a steady star, and we are no 

‘Twentj-fanrlti James Arthur Lecture oB the Sun, given under the auspices trt 
the Smithsonian Institution nn April 10,105T. 
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doubt very glad, of its steadiness. But in its outer layers there occur 
phenomena of very great violence—a kind of meteorology where the 
scale and the speeds are enormous compared with those on the earth 
and where the forces responsible are evidently of quite a dliferent 
nature. One particular phase of this atmospheric violence is called 
a flare. It is not known what gives the phenomenon its great sudden* 
ness and its tcrriiic power, but it is certain that electric forces play 
a very large part. Speeded-up movies of motions in the sun's atmos¬ 
phere are taken at. the high-altitude observations at Climax, Colo., 
and at Sacramento Beak and in those one can see the powerful guid¬ 
ing effects that are undoubtedly magnetic. Basically, though not in 
detail, it is understood how magnetic fields would guide the motions of 
gases and it is known independently from optical observations that 
very strong magnetic Reids occur in the vicinity of sunspots which arc 
also localities of the greatest visible disturbances. 

Blares are seen by the great increase of the light in some parts of 
the spectrum. In a matter of a few minutes some region in the sun’s 
atmosphere lights up in bright emission-line light, and in the case 
of the most intense dares a big and interesting chain of events is 
then initiated. It is a more or less fortuitous circumstance that we do 
not often take notice of the great flares without the use of instru¬ 
mentation. Almost all the great effects of a flare are in forms that 
either do not penetrate through the atmosphere of the earth, or that 
we cannot perceive by our own sense organs. For this reason it is not 
easily appreciated Just how terrific an event a great flare is. The first 
effects that arrive at the earth are usually intense radio noise that 
can readily be received on modem radioastronomical equipment, and 
the ultraviolet light that does not penetrate the atmosphere but 
results in characteristic effects in the upper layers where it is absorbed. 
Sudden interruption of all long-distance radio communication may 
set in on the entire day side of the earth. Also I he sudden change in 
the electrical properties of the upper atmosphere gives rise to slight 
but immediate disturbances in the earth’s magnetic Held. A day or 
two later a great magnetic disturbance may set in, being no doubt 
due to some ejected gas having then reached the earth from the sun. 

All these effects have been known for a long time, and many parts 
of the phenomena have been explained, but the basic effect that hap¬ 
pens so suddenly and with such violence on the sun is still not under¬ 
stood, although of course there are a number of theories. 

As a result of the work of Forbush and Ehmert, it has become 
known that another type of event is related to flares. The rate of 
bombardment of the earth by cosmic rays shows occasionally a sharp 
increase clearly related to the very greatest of the solar outbursts. 
Since 1942 only five such events have been detected. But strangely 
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enough, although the effect is very rare, when it occurs it does not 
seem to be of a marginal nature. All five events are easily detect able 
and substantially smaller events would have been observed had they 
occurred* The mrity of Hie phenomenon is thus not to be thought 
of ns due to very few only having reached a detectable level. 

These events have made it clear that a particle accelerator can 
occur in the atmosphere of the sun and hence presumably also in a 
groat number of other stars So one might think that here is the clue 
to the entire process. Cosmic rajs are perhaps all made in the at¬ 
mospheres of stare. After all, there are many stars on which we 
might well suppose that far more violent effects are taking place than 
on the sun. Could they not supply the entire stream * Some people 
think so, but there are serious difficulties in this. The sun s cosmic 
rays when they occur nre all among the lowest energy particles 
that can reach'us on the earth’s surface. In the general Hus there 
is a much greater proportion of high-energy particles. And, after 
ail, the difference between the low- and the high-energy particles 
is really great. Their impacts are about as different as being hit by 
a fly or a truck. There are no stare where wo could really suppose 
the high-energy particles to be accelerated. Presumably then, there 
must bo mechanisms operating on a larger scale than the stars. 1 he 
solar process is the one that we really know something about now, 
and we can watch. We hope that it will show us a basic mechanismj 
and there is, of course, the hope that a similar mechanism will in 
different circumstances be found in other places. Accordingly one 
is hard at work trying to understand ways in which these magneti¬ 
cally controlled hurricanes and typhoons on the surra surface can 
produce the accelerated particles. Perhaps I should mention one 
interesting hint that we have. 

In Russia, and here too I presume, people have made experiments 
with very strong electric sparks in the hope of reaching temperatures 
at which the great energy-generating process of nuclear fusion will 
set in. One curious and quite unexpected byproduct of these sparks 
has been the generation of fast particles accelerated to much higher 
energy than could be accounted for by the voltage that had lujeii 
applied altogether. So there, in front of our eyes, nature is per- 
forming such a trick us using in some way the violence of a spark 
to accelerate 1 a very tiny fraction of the gas molecules present to 
enormous speeds, ft may well be that the same trick is done also on 
the sun and perhaps in larger regions still, Experimental research 
and the observations of the solar phenomena may together give Hi© 
answer. 

The best information tliftt we have about the details of the solar 
cosmic-ray production comes from the great event of I ebruary Ihi-SS, 
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1056. There occurred then a very large flare just near the edge of the 
sun. It was seen in Japan and India (not here* as it was the middle 
of the night) and it was recognized by the Japanese observers ns a 
most spectacular event before they knew of any of its other effects. 
The flare was so bright that it could be seen without the usual spectral 
filters, just ns a bright, spot on the sun’s surface. Beyond the nearby 
edge they reported seeing a bright fan-shaped structure and nothing 
like this has ever been seen before. The radio-noise observations indi¬ 
cated a major outburst and one that was extraordinary in that the 
disturbance seems to have reached a very great height in the solar 
corona, There was a complete fadeout of high-frequency radio com¬ 
munication over the sunlit side of the earth and there was the char¬ 
acteristic magnetic effect that indicates when very intense ultraviolet 
light has struck the outer atmosphere of the earth. All this was the 
common pattern of events* just very intense. But about 15 minutes 
after the beginning, the cosmic-ray rate suddenly began the sharpest 
increase and then reached the highest level that has over been known- 
This occurred all over the earth, not only on the side facing the sun. 
The reason for this is, of course, that cosmic rays are charged particles 
and ar© therefore deflected by the earth’s magnetic field to get right 
around to the back. After a further 15 minutes, the peak was reached 
and its intensity was such that about two hundred times the usual 
number of cosmic-ray particles hit the earth every second. The rat© 
then decreased, but much more gently than it lmd risen. After a few 
hours it returned nearly to normal. 

In a world that is very conscious of radiation disease, one should 
explain that this does not constitute a serious attack on us. The total 
amount of radiation that every person received m those few hours 
was still very much less than we take in during an X-ray examina¬ 
tion, On the other hand, if the sun were ever to decide to continue 
this kind of stream on a steady basis, it would undoubtedly be very 
harmful to us. But we can take it that this is not very likely, judging 
alone from the good continuity of biological development that seems 
to have happened in long periods on the earth. 

I am reminded just how striking an ©vent this was when I think 
of all the trouble to which we went to check the recording equipment 
before believing its answers. That morning I came in to work and 
my assistant was eagerly awaiting to tell me that during the night 
this enormous increase had taken place. He was used to looking for 
changes of % percent or so, and there was a change of over 100 per¬ 
cent recorded, Eveiything was tested before wo dared to announce 
this as real; and then a little later all the other reports of the event 
started to come in. In all, some 40 cosmic-ray recording stations all 
over the world produced useful records, including, of course, the two 
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Important chains of stations^ne belonging to the Carnegie Institu¬ 
tion and run by Dr. Forboah, and the other by Dr. Simpson of the 
University of Chicago. The great number of stations around the 
globe is important if one wishes to infer the directions of the particles 
before they entered the earth’s deflecting magnetic field. 

There occurred another new phenomenon on this occasion. The 
cosmic-ray stream was so intense that it changed the electrical prop- 
ertiea of the upper atmosphere in a way that had never happened 
before. Even on the night side of the earth low-frequency radio 
communication was severely affected, and in high-latitude regions 
most or all radio contact ceased. This was presumably the effect which 
caused the British Admiralty to announce that it had lost contact 
with a submarine in arctic waters, and had ordered a search. The 
submarine was in fact quite all right, and was probably baffled also 
by the absence of a reply from the Admiraltj. 



Figciw 1 .—Diagram ilhitnting tow particle* that embarked on apiral orbiti of different 
pitch will bo delayed differently and Why late arrival* Will appear to come r»n a vartety 
of direction* different from the main direction. Tfce liac of the earth tf null compared 
with the radim erf the spirals. 

Til is cosmic-ray outburst not only is an interesting Event but also 
it can be used to tell us something of the condition of the tenuous 
gas that fills space between the sun and us. For a number of years 
now, physicists and astronomers have been discussing the reasons 
wbv they supposed very extended magnetic fields to be carried by a 
the very tenuous gases in the galaxy and of course also by the some¬ 
what denser gases of the solar system. But there has not been any 
other observation that was so clear cut in indicating these e . 
Here we saw that particles that had almost certainly started their 
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journey at the sun Arrived in the vicinity of the earth at first in the 
direction from the sun—that is, after one takes into account the 
locrni effects of the earth’s magnetism—but later on during the decline 
they arrived quite certainly from other directions. Now there is no 
other effect that could have deflected these fast particles from a 
straight-lino path except. suitable magnetic fields in the space of the 
sol ar system. 

What are the shapes of such magnetic fields? How can one account 
for the curious fact that the stream can evidently reach here in the 
first place without deflection, but that the latecomers get deflected? 
This and a number of other effects are at the present time under dis¬ 
cussion. Naturally one wants to learn as much as possible about 
the conditions in the solar system before one can go up and have a 
look. 

T have been discussing these problems with colleagues at Cornell 
University, and with Dr, Hayakawa from Japan, and we conclude 
that the effects would be reproduced if we supposed that the outer 
corona of the sun extended to the earth, and that it retained the 
strewierlike appearance. Wc therefore considered the propagation 
of cosmic-ray particles along very elongated “streamers?* of magnetic 
field. The particles will then spiral around the direction of the 
field, and the ones that were accidentally emitted just in the direction 
will be the first to arrive; the ones that started at an angle will take 
a longer path and hence arrive later. The last to arrive will then bo 
those that started in extremely flat spirals, and those will then appear 
to arrive at the earth from directions other than that to the sun. Now 
this was just what happened. On this basis we then calculate the 
way in which the intensity would rise and fall, owing to the delay 
effect of the spirals, and the agreement, is good. There are still 
some points that need further explanation, but I feel sure that we 
are here learning something about the conditions in the solar system. 

Much of the difficulty of the discussion would be removed if only 
the sun were kind enough to give us another event of this sort. I am 
certainly hoping for one. But perhaps one day this sort of thing 
will be regarded as one of the hazards of space flight, for without 
the protection of the thick atmosphere these effects may be quite 
unhealthy. Then we shall be glad tlmt they are so rare. 



Tlw vm in ] la light .liowiti* the law A February 23. I95G. Photograph courtesy of 
Kodi ik j rial ObfOTaiorv, India, 
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Meteors 1 


By Fred L. Whipple 

5 miE^ 9 ruan Astrophysiral Observatory 
and 

Harvard College Observatory 


tWitE six frlfttrt] 

Solid booies from space continuously bombard the earth at a rate 
of thousands of tons per day. Fortunately for the life forms on 
the earth, the earth's atmosphere serves as an admirable buffer to 
protect them from this constant astronomical shellfire. 

The slowest meteorites strike at a speed of T.O miles per second, 
tire speed with which the earth attracts particles that fall from rest 
at great distances. The speed of faster ones depends upon their 
origin and direction of motion. Bodies belonging to the solar system 
travel in closed orbits around the sun at velocities up to the par¬ 
abolic limit of 2(5.3 miles per second at the earth s distance from the 
sun, while the earth itself moves about the sun at a speed of lb.o 
miles per second. The highest velocity of impact ^urs, of course, 
when one of these nearly parabolic particles strikes the earth head-on, 
so that the total velocity reaches a maximum of 45 miles per seam*- 
Figure 1 shows how the collisions occur. The fastest meteorites 
tend'to strike on the morning side of the earth and the slow one.s 

catch up on the evening side* ^ . _ . . ■ * f 

These meteoritic projectiles vary in size from minute Pftidw to 
very large ones, and ere classed as follows: Meteoritic *£*■£ 
3. and radio meteors, photographic and visual meteors, fireballs, 
detonating bolides, meteorite falls, and, finally, crater-producing 

meteorites. Buddhue, 1950) ranges from barely visible 

Meteoritic dust ^ in ske being set by the 
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diameter. Micrometeorites are heated as they strike the earth's upper 
atmosphere, at an altitude from 130 to 100 km*, but because of the 
small ratio of their mass to surface area, they can radiate away the 
heat of impact, fast enough to prevent heating above the melting 
point of ordinary materials such as iron or silicates. Thus many 
of these particles, as has been shown by Oplk (1536) and the writer 
(Whipple, 1050, 1951), can reach the surface of the earth without 
being greatly damaged* The larger particles in coming through 
the atmosphere may be melted and fused into small globules by this 
process without losing much of their mass. 


t IS.5 
mS/sec 


Figure I.““Schematic diagram drawing how meteorites collide with the earth. 

Larger particles, perhaps the order of a thousandth of a gram or 
greater, produce enough light by friction with the earth's atmos¬ 
phere to be visible as telescopic meteors and produce enough electrons 
to give radar echoes as radio meteors. Both the telescopic and radio 
techniques can, of course, be used to observe much brighter meteors, 
and the lower limit of their sensitivity is well below that of the 
naked eye. Meteors visible to the naked eve fall in the category of 
visual meteors; today the extremely sensitive Super-Schmidt meteor 
cameras in New Mexico can photograph nearly to the limit of naked- 
eye visibility. 

On certain days of die year meteors occur in showers, when the 
earth happens to cross a stream of meteoric particles in space. AH 
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tlie meteors in a shower strike our atmosphere in parallel paths so 
that nil their trails, when extended backward on the sky, tend to 
meet in n point, or radiant {fig. 2). The shower is then named for the 
constellation in which the radiant appears. Some meteor streams are 
uniformly dense so that when the earth crosses their orbit we can 
always count on a good display—for esample, the Perse!d meteors 



Figure 2.—Trail* ini radiant of * meteor thower. Above the iimoiphere tie partly 
duhed lines show tie mt path* of the meteor* At, A*, ar.d A»; solid line* (bow tiieii 
ipptttnt path*. In lie atmosphere the arrow* AB *how the real meteor paihi, and the 
arrows AC *how the path* a* tier appear to tie observer. 

from August 9-14, and many bright Geminid meteors on Decem¬ 
ber 12-13. Occasionally, as on October 9, 1949, meteors seem to 
fall almost like ruin, occurring as frequently as one a second. 

As we consider larger and larger bodies we iind that with increasing 
siae they penetrate more deeply into the eartivs atmosphere and appear 
as brighter and brig]iter meteors. If a meteor is bright enough to 
produce a dash of light that illuminates buildings at night or pro¬ 
duces shadows, it is called a fireball. If it is accompanied by a de- 
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leyed rumbling, caused by its breaking up in the lower atmosphere, it 
is called a detonating bolide. For these larger bodies the atmosphere 
is loss effective as a shield, so that sizable pieces of these celestial 
cannonballs survive the atmospheric friction and fall to the ground. 
These fragments we call meteorites, which we collect and preserve 
in our museums as our only tangible samples of the great uni verso 
that exists beyond the earth’s atmosphere. Perhaps we are fortunate 
that this sampling rate is so low; otherwise more of us would suffer 
the rare and undesirable experience of Mrs. Hodges in Alabama, 
who, on November 30, 195s, was injured when a meteorite penetrated 
her house and struck her on the hip. 

The collection of meteorites in the Smithsonian Institution is one 
of the largest and most valuable in the world. These rare specimens 
are continuously used by scientists in their attempts not only to 
discover the origin and history of the meteorites themselves, but also 
to understand the general laws of super velocity ballistics involved 
in the meteor’s course through the earth’s atmosphere. {See pi. 1.) 

For bodies even larger than the average meteorite, the earth’s 
atmosphere finally ceases to be an effective barrier. Thus irons or 
stones weighing hundreds of tons or more are affected scarcely at all 
in falling through the earth’s atmosphere. They plow into the 
ground at supersonic speeds and explode, to produce immense craters. 
These explosions are literally like those made by huge bombs because 
of the enormous kinetic energy of the meteorite. The extremely 
rapid motion endows each pound of the meteorite with much more 
energy than that contained in a pound of the most ]xwerful chemical 
explosive. This energy is instantly released when the ear til's surface 
stops the meteorite. A era tor-forming meteorite of atomic-bomb 
energy fell in the general region of Vladivostok in 1947 and produced 
a great many craters over a large area of ground. In 1908 an even 
larger full, of greater than H-bomb energy, occurred near Pultusk 
in Siberia. It leveled the trees radially from the point of impact 
for some 50 miles. 

No huge craters have been formed by meteorites in historic times, 
but the great Barringer meteor crater in Arizona, now some 600 feet 
deep and nearly a mile across, represents the greatest of such celes¬ 
tial visitations in the United States (sec Nininger, 1952). The 
largest meteorite crater in the world is probably the one in the New 
Quebec (Ungava) area in Canada and is nearly 3 miles in diameter. 
The crater is now an almost perfectly round bow], partially filled 
with water to form a beautiful lake, standing unique in a great 
area of granite that was once covered by glaciers. 

The geological evidence proves that even more powerful celestial 
bombing has been directed toward the earth in past geological periods 


METEORS—WHIPPLE 


243 


than these craters suggest- The Harvard geologist Daly (11)47} 
gives convincing evidence that the great \ redefoit dome in South 
Africa ’was once a meteorite crater some 50 miles in diameter. In 
the hundreds of mill sons of years since it was formed the era tor 
has been filled by sediments, tilted over at a considerable angle, and 
its edge greatly eroded. Many astronomers suspect that such fossil 
craters on the earth are “blood relatives' to the great craters that 
we see on the moon. Baldwin (1949) has strongly supported this 
view in his book, and scientific evidence is accumulating to support 
his theory- 

The great meteorite craters and the meteorites themselves present 
a myriad fascinating problems. Since I cannot do even summary 
justice to both meteorites and meteors I must regretfully abandon 
the former and discuss meteors alone in the remainder of this ar¬ 
ticle. Before leaving the subject of meteorites* however, I must 
mention that the majority of meteoriticists favor the theory that 
manj* or most of the meteorites originated in two or (many?) more 
small or minor planets, which have mutually collided and broken 
up to form both the asteroids and the meteorites, A cometary origin, 
as we shall see, is indicated for most of the smaller bodies that pro™ 
duce the usual visual and sub visual meteors. Thus the sources of 
meteors and meteorites still constitute a major area of research. 

For nearly a century, since Schiaparelli (1STI) identified the 
Perseid meteor shower as being associated with the comet of 1862-XIl, 
astronomers have accepted a cometary origin for recurrent meteor 
streams. At the same time, most investigators have agreed that 
broken fragments of small planets must contribute to the sporadic 
meteors, those that do not appear in showers. There have, however, 
been great disagreement and much discussion as to whether some 
of the meteorites and some of the meteors may not be visilors front 
interstellar space rather than from our solar system + To distinguish 
interstellar from solar-system meteors we need only measure their 
speeds and trajectories through the atmosphere. After correcting 
for the resistance of the atmosphere, the rotation and attraction of 
the earth, and the earths motion about the sun, we can calculate the 
meteoFs original speed and its orbit about the sun. If the speed 
was less than 26.3 miles per second, the orbit was closed, i. e>, ellipti¬ 
cal, and the body belonged to the solar system. If the speed exceeded 
26,3 miles per second, the orbit w as open or hyperbolic, and the body 
came from out among the stars. 

The visual methods, unfortunately, have not been adequate to settle 
this long-standing controversy over the origin of meteors. Even 
though extremely sensitive and quick in detecting faint fast-moving 
meteors, the eye is not an accurate measuring device for determining 
the precise geometry either of altitudes or of angular velocities across 
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the sky. Within recent years the photographic method lias been 
developed to a high level of sensitivity with its natural accompani¬ 
ment of extreme precision in the measurement of heights, trajectories, 
and velocities. Even more recently an entirely new technique, the 
measurement of radio reflections by radar methods, has become a vital 
tool in the study of meteors. 


Q met** 



Let us begin with the photographic techniques and follow them 
with a resume of the radio techniques for studying meteors. The 
first long and systematic photographic meteor program was con¬ 
ducted by Elkin of Yale Observatory from 1803 to 1009 {see Olivier, 
1937). He used two telescopes (fig. 3) and in front of each telescope 
he placed a rotating shutter and recorded its speed of rotation by 
means of a chronograph. Unfortunately, he used such a short base 
line, about 2 miles, that the geometry of most meteor trails was 
poorly determined, so tliat he could not obtain accurate heights, 
velocities, and trajectories of meteors. In 1936 the writer initiated 
a similar method (Whipple, 1038, 1940), making use of the two sta¬ 
tions operated by the Harvard College Observatory in Cambridge, 
Mass., and at Harvard, Mass., about 24 miles apart. The small Har¬ 
vard patrol cameras at these two stations simultaneously photo¬ 
graphed approximately half a dozen bright meteors per year. 

After World War II, meteors and related upper-atmospheric 
problems and supervelocity ballistics became of such interest that the 
United States Naval Bureau of Ordnance supported an extensive 
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meteor program at the Harvard College Observatory- This support 
made possible the design and construction of special cameras. James 
G. Baker designed the Super-Schmidt meteor camera (see pi. 2) 
and the Perkin Elmer Corporation constructed six of those remark¬ 
able instruments, two for the Naval Bureau of Ordnance, two for 
the United States Air Force, and two for the Dominion Observatory 
of Canada. Four of these cameras have been operated in Now Mexico 
for the past several years by the Harvard College Observatory, sup¬ 
ported bv the OfEke of Naval Research and the Ijnitcd States Air 
Force, while the work of reducing the data has also been supported 
by the United States Army, Office of Ordnance Research. 

The Baker Super-Schmidt camera has the unique optical design 
shown in figure 4: the aperture is 12% inches and the focal length 
only 8 inches, which gives the am a singly fast focal ratio of F/0-65, 
The effective focal ratio, including the obstruction by the photo¬ 
graphic film, is still F/0.85, Along w ith this remarkable speed the 
instrument has a field diameter of some M 8 without the rotating 
shutter, reduced to 53 s by the shutter, which is supported inside the 
second glass shell and which revolves only about an eighth of an 
inch away from the spherical surface of the film. The film itself con¬ 
stituted a considerable problem because the emulsion has to rest on 
a spherical surface with an accuracy of 0.0005 inch and with a radius 
of curvature of only 8 inches. A process of molding photographic 
film, suggested by the Eastman Kodak Co., has been developed at 
Harvard, so that various types of blue-sensitive and panchromatic 
emulsions can be satisfactorily heated and molded to this high curva¬ 
ture without serious fogging or appreciable c han ges in the sensitivity 
of the emulsion. 

Plate 3 shows an example of a meteor doubly photographed with 
the Super-Schmidt meteor cameras nt two stations. The breaks 
in the trails were introduced by the shutter, which revolves at the 
rate of 1,800 r, p. m. and cuts off the light for % of each shutter cycle. 
During the open part of the cycle, which occurs each of a second, 
a segment of the meteor trail is photographed. 

Without the shutter to reduce the over-all exposure time, on a moon¬ 
less night in New Mexico we would be limited to only *2 to 3 minutes 
instead of the 8 to 12 minutes which we can now use effectively. 
Plate 4 shows a photograph of the Organ Mountains in the neigh¬ 
borhood of Las Cruces, N. Ilex., made with a 2-second exposure 
at midnight, with full moon. The circle in the center of the photo¬ 
graph is produced by the supporting hole for the rotating shutter 
and not by the moon. 

Since 1952, some 6,000 meteors have been doubly photographed 
by these came ms in New Mexico. The photographs provide a sur¬ 
prisingly large quantity of information about meteoric phenomena 
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Fjcuax 4. Deaton of the opiica of the Haber Supcr-Sc-fun idl uiefcor camera. 
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PLATE 2 



I'liL" Hsikcr Super-Schmidt mcipor canaiTd. 
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Plate 5 



2. Record of radio pul*M from a meteor. (]* G- Davit** Jodit-13 Bank* England,) 
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Plate 6 



The wtar corona photographed bv Harvard during the 19J7 tolar eclipse. 
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ill the atmosphere. We can determine the path of the meteor with 
an error of only a few feet, its velocity with an error of less than one 
part in a thousand, and measure its deceleration, caused by the re¬ 
sistance of the atmosphere, to a significant accuracy at several points 
along the longer trails. Dr. L, G. Jacchia, who has been in charge 
of the reduction and analysis of the date, finds that the faster meteors 
enter the atmosphere at an altitude of about T5 miles, and generally 
die out by an altitude of 50 miles. Some of the slowest meteors are 
lirst photographed well below 50 miles altitude and tile largest of 
these has been followed down to an altitude of about 25 miles, I ho 
faster meteors arc scarcely slowed down at all by the resistance of 
the atmosphere, but their surface rapidly disintegrates under the 
heat or friction of the atmosphere. When the meteor disappears 
practicallv nothing remains of its original mass, although the tinal 
particle is still moving at only a slightly reduced Telocity. Sumo of 
the very slowest meteors move at speeds of only 7 to 8 miles per 
second ; in one case only could we trace the meteors speed down to 
about 5 miles per second. 

In considering the large amount of light and heat generated by 
these small bodies as they pass through the earth’s atmosphere, we 
must remember that their original kinetic energy corresponds to many 
times that of an equal mass of a high explosive such as TXT. 
Hence the energy of friction is adequate to remove and destroy the 
body before the remaining nucleus can 1* much slowed down by 
atmospheric resistance. 

Among some 500 photographic meteors that have now been analyzed 
for velocities and orbits, we find no certain cases of meteors moving 
in hyperbolic orbits. That is, there arc no meteors that certainly 
originated from interstellar space. If they exist, they must constitute 
not more than 1 percent of the total number of photographic meteors 
observed. Furthermore, the writer has shown that at least 90 per¬ 
cent of the photographic meteors pursue orbits similar to those of 
comets of both long and short period. If any average naked-eye 
meteors come from a broken planet the number does not exceed 10 
percent of the total number observed and probably is less than 1 per¬ 
cent. Figure 5 shows the distribution of comet and meteor orbits ar¬ 
ranged according to an arbitrary criterion, K , introduced by the 
writer (Whipple, 1954). The quantity K is defined as follows: 



(O 


where j’ is the aphelion distance in astronomies! units and e is the 
orbital eccentricity. The logarithmic quantity is the inverse square 

of the aphelion velocity . . 

Out of 1,G00 known asteroids only S give positive values of the K 
criterion while some 13 of the shorter period comets give negative 
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values, as seen in figure 5. Approximately 10 percent of the sporadic 
and shower meteors have negative values of A', indicating the possi¬ 
bility, but not the certainty, that they may be of asteroidul origin. 
Orbital inclination is highly correlated with K in the sense that small 
values of K are associated with orbits of low Inclination. Figures 6 
and T show the orbits of soma meteors, both sporadic and In streams, 
as determined photographically at Harvard. 



FlGUlLE S— The frequency of ih* criterion jf among mtlWrt, comets, and MTCWidl. 

Although 21 meteor streams could bo recognized from the first 144 
photographic meteors, only 15 streams in all are yet certainly identi¬ 
fied with individual comets. Only a few of these identifications have 
been made photographically. Twelve streams and their definite iden¬ 
tifications with comets are indicated in table 1. The extensive discus¬ 
sion of comets, orbits, and meteor streams by Porter (1052) is highly 
recommended to those who are interested in the details of these 
relationships. 

Perhaps the most interesting of these associations is that between 
the Taurid meteors of October and November and Enckc’s comet, 
the comet of shortest period, 3.3 years. The individual meteoric 
bodies in this stream are so widely distributed about the orbit of 
Comet Encke that the meteors cun be seen to enter tbe earth's at¬ 
mosphere from two moving radiants, one below the piano of the 
earth s orbit and one above it. Gravitational disturbances, or pertur¬ 
bations, by Jupiter have so distributed the orientation of the various 
orbits that an extraordinarily large volume of space is filled by par¬ 
ticles that have been ejected from Comet Encke. Figure 8 shows the 
orbital shapes for both E tickets comet and the Taurid meteors. 
Whipple and Hamid (19D1) have shown that some of these particles 
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were ejected from the comet approximately 5,000 years ago and 
another group more recently, about 1,300 years ago. It is not entirely 
clear whether these ejections represent unusually rapid disintegra¬ 
tions of the comet at those times, possibly by nsteroidnl collisions, or 
whether the perturbing action of Jupiter has been such os to make 
it possible for us now to observe only those meteors that were ejected 
at those two times. The latter hypothesis appears to be the more 
likely. 

Table 1,— Comets and associated meteor stream* 
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Figure 6—The orbit* of two sporadic meteors and, two stream* of the Virginia shower, 
wtth \ht orbits of the asieioids I omit and Apollo lor comparison. 



Figure 7 . Tho orbiti of three A-Aquarid meteors (^=0.07 Uj 
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Probably a comet ejects meteoric material continuously, at least 
every revolution near the time of perihelion passage. It is on inter* 
esting commentary on these conclusions that the Taurid meteor stream 
had been first identified as a hyperbolic meteor stream by earlier 
investigators. 

Our measures of the detailed meteoric photographic processes give 
us added information concerning the nature of the bodies that pro¬ 
duce the ordinary visual or photographic meteors. Jacchia (1955) 
showed that the irregular burets in' the light curves of some meteors 
were accompanied by a shortening of the lifetimes. He concluded 
that bursts in these meteors represent a rapid disintegration or frag¬ 
mentation of the meteoric body at irregular intervals along their 
trails. 



FtGUKi S.”The orbit* of Enctc's comet, end of three me icon of the Misdated northern 
TcLirid ibower dm Struct the earth'* aimoiptiere Od the date! shown. 


Measurements of the slowing down of meteors, or atmospheric 
resistance, lead to the determination, for each meteor, of the quantity, 
surface-frontal-area divided by the mass. A knowledge of the at¬ 
mospheric density, now provided by rocket techniques, enables us 
to determine the quantity mt'p* where m is the mass of the meteoric 
body and p m its density. If we knew the amount of light that should 
bo produced by a given meteoric mass at a given velocity we could 
immediately calculate, from the light curve and the velocity meas¬ 
urements, the initial mass of the body. Unfortunately, the theoret¬ 
ical determination of this so-called luminous efficiency is not yet 
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possible. Thus, in the meteoric problem* we find relationships that 
involve the mass, the density, and the luminous efficiency, but we 
cannot determine any one of these quant it ies separately* Knowledge 
of any one, on the other hand, would lead us immediately to accurate 
determinations of the other two quantities for observed meteors. 

Since there is every reason to believe that the energy available for 
light production cannot exceed the original kinetic energy of the 
body, an upper limit to the density of the meteoroid and a lower 
limit to its mass can be approximated. The writer found (Whipple, 
1955a) from such calculations that the densities of meteoric bodies 
must be of the order of unity, the density of water, or less* 

Recently, Allan F. Cook and the writer have dev eloped a technique 
(see Whipple, 1955c) for measuring the masses of meteors. We meas¬ 
ure the motions in persistent meteor trains, the faint light left along 
the trails of fast bright meteors after the body has passed- Photo¬ 
graphs of such trains, made by opening and moving the Super- 
Schmidt meteor cameras at 2-second intervals after bright meteors 
had passed, make it possible to measure winds in the high atmosphere 
(see pi. 5, fig, 1). In one case of a multiple-photographed double- 
station trainj it was possible to measure the forward or coasting 
momentum of the meteoric gases and trapped air masses. This first 
result indicates that the density of a meteor is ns low as G + 05 
gm/cm a or the density of water. 

If a body is much less dense than water but is still made of ordinary 
earthy materials, one would expect it to be exceedingly porous and, 
therefore, exceedingly fragile. McCrosky (1955), who has been study¬ 
ing the fragmentation problem in photographic meteors, finds that 
among the faint meteors some £0 percent become luminous almost 
instantly instead of increasing their light gradually as the well- 
behaved meteor does. He concludes that these bodies must become 
visible because of sudden fragmentation of the entire meteoric mass. 
Ha finds indeed that this fragmentation occurs at a nearly constant 
pressure introduced by the resistance of the atmosphere, a pressure 
of only one-third of a pound per square inch. Many of the meteoric 
masses are so fragile that a block a foot or two in height would crush 
ut the bottom under its own weight, at normal gravity. 

Thus we have evidence that meteoric bodies from comets are ex¬ 
tremely fragile, of low density, and, therefore, very porous. This 
eoncluriGn is to be expected from the writers hypothesis (Whipple, 
1953) concerning the nature of the comets from which this debris 
has been ejected. According to this theory, the nucleus of a comet 
is a conglomerate of interstellar or interplanetary dust formed from 
gases at a temperature of only a few degrees absolute, perhaps when 
the sun and planets were formed. Cometary activity is then the result 



METEOBS—WIilPFLE 


253 


of solar heating that vaporizes ices at the surface of the cemetery 
nucleus. These ices include ordinary ice from water, solid ammonia, 
possibly even solid methane, and other compounds of carbon, nitrogen, 
and oxygen with hydrogen. 

The remaining meteoritic material, made of the heavier, less volatile 
compounds in the original dust, must remain very loosely cemented. 
Most of this material is fragmented into extremely fine particles by 
the cometary ejection process, but a small amount of it holds together 
sufficiently well to form the cometary streams of meteors and the 
sporadic meteors from comets. 

One would expect, on the basis of typical cosmic abundances, that 
tho initial comet ary nucleus might he about the density of water and 
that tire final density of the meteoritlc material might be the order 
of one-third the density of water. On the other hand, it is very likely 
that the initial dust in space consists of cxi remedy porous masses, com¬ 
parable to low-density smoke particles observed from artificial sources. 
Hence the cometary nucleus itself can be of very low mean density, 
and the final mctcoritie fragments even more porous and rare. It 
is not certain whether we shall be able to recover such fragile frag¬ 
ments on the surface of the earth, because of their violent interaction 
with the earth's atmosphere. Tiny ones may come through without 
being seriously damaged. 

While the photographic method of studying meteors was being 
perfected, a radicaldifferent and powerful technique came into 
use. Chamanlnl and Venkalaramnn (1041), of India, heard w]listles 
from continuous-wave radio transmitters, audible simultaneously 
with the occurrence of brig]it meteors. Pierce (1038) at Harvard 
and Hey (sec Hey aud Stewart, 1047) at Cambridge, England, work¬ 
ing with a pulse transmitter and receiver on the same frequency, 
observed transient echoes from meteors. A number of investigators 
rapidly developed methods for detecting the ionization, or electron 
columns, produced as meteoric bodies plunge through the earth’s 
atmosphere. The methods fundamentally depend upon the fact that 
the electromngneticady vibrating waves from radio tranemliters set 
tho individual electrons into synchronous vibration. The electrons, 
because of this induced vibration, act as independent transmitters 
and send out radio waves of tho same frequency. Thus a column 
of electrons effectively reflects a radio wave as the electrons along 
the column resonate in phase with the initial radiation. The reflec¬ 
tion is much like that of light, from a shiny cylinder. 

Without becoming involved in the complexity of electronic tech¬ 
niques we can understand, qualitatively, one of the most useful meth¬ 
ods of tracking meteors by radio, and of determining meteoric veloci¬ 
ties* In figure 0 we see that as the ionization trail of tho meteor 
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progresses through the atmosphere, re-radiation (reflection) from the 
electrons in the trail occurs along its entire length to the head of the 
meteor. A relatively wide antenna, beam can cover the entire trail. 
At an early part of the trail, say point a in figure 9, the distances from 
the radio transmitter to the successive positions along the trail and 
back to the receiver will vary rapidly as we move along the trail. 
Hence the returning waves will be successively in and out of phase be¬ 
cause the radio wavelength, only a few meters, is very small compared 
to the distance, 100 or more kilometers. Little ^reflected” radiation, 
therefore, will reach the receiver when we add up the contributions 
for an appreciable distance along the trail. 



GROUND 


Fcguit 9.—Schematic diagram showing ehe g&onwtry of radio echoes reflected from the 

Ion [/nit ion trail O-f a meteor. 

As the meteor approaches the so-called reflection point of the trail* 
where the line from the nidio to the trail meets it at perpendicular 
incidence, we see that a considerable length of the trail will be at 
almost the game distance from the radio transmitter. Echoes from 
this region will return to the receiver in phase and add up to produce 
a perceptible signal. The problem of the theoretical signal strength 
of the received echo, as the meteoric body moves along the trail t was 
in reality solved more than 100 years ago by Fresnel, who calculated 
the effect of such phase phenomena for light scattered by a line. 
The resulting signal strength as a function of distance along the 
trail is shown in plate 5* figure 2. The echo grows in intensity as 
the reflection point is reached, then increases beyond this value to a 
maximum in a very short time; then as it slowly fades out it oscillates 
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in strength with increasing distance from the reflection point. For 
a specified wavelength of the radio waves, such a curve yields the 
angular velocity of the meteor at a point where it passes perpendicular 
to the line of radio sight. 

Ordinary radar techniques with, pulses measure the time required 
for the radio signal to travel from the transmitter to the trail and 
back to the receiver again, and hence the distance to the reflection 
point. The angular velocity coupled with the distance then deter¬ 
mines the true spatial velocity of the growing ion column, and there¬ 
fore of the meteoric body in its trajectory. This method and similar 
related methods for measuring meteor velocities were developed 
chiefly by scientists in England. (See Davies and EUyett, 1949; 
Manning, Villard, and Peterson, 1949; Hey, Parsons, and Stewart, 
1947; McKinley, 1951; and Lovell, 1954.) 

From more than 10,000 measurements of meteoric velocities, Mc¬ 
Kinley (1951) concludes that the velocities determined even from 
very faint radio meteors, somewhat below naked-eye visibility, do 
not indicate a statistically significant number of hyperbolic veloci¬ 
ties, beyond the parabolic limit of 72 km./sec. Similarly, Almond, 
Davies,'and Well (1953) at Manchester, England, come to the same 
conclusion from u more detailed analysis of fewer meteors, observed 
from radiants near the apex of the earth's motion in the early morning 
hours, and from the an tapes direction in the early evening hours. At 
present, no clear evidence for the existence of any hyperbolic meteors 
has been found by radio-meteor astronomers. The general uncer¬ 
tainties in the methods of observation, however, permit the possibility 
that as many as one-half of 1 percent of the total might come from 
outer space. 

The radio technique is capable of detecting meteors whose lumi¬ 
nosity is 190 times fainter than that of meteors we cut detect visually. 
The radio and photographic results are in full agreement and indicate 
that at least 99,5 percent of all the observed meteors are certainly 
members of the solar system, 

A method of determining the radiant points of meteor streams by 
means of radio echoes was developed by Clegg (1948). Later Aapi- 
nall, Clegg, and Hawkins (1951) carried out a continuous survey 
of stream radiants using twin antenna beams, Radio echoes were 
obtained in turn in each antenna, as the earth rotated, and the time 
of appearance of long-range echoes gave the time of transit and 

declination of the radiant. . 

4n extremty important property of the radio technique was first 
demonstrated when Hey and Stewart (1947) discovered extremely 
dense meteor streams in the daylight houre, particularly m May, 
June, and July. Thus the radio technique has the enormous ad van- 


256 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1957 

tag© over the photographic that it can operate for 24 hours of the 
day regardless of sunlight, moonlight, or other sky illuminations. It 
is interesting that one of the daylight streams, according to the results 
of Clegg, Hughes, and Lovell (1947) turns out to bo a recurrence of 
the Tint rid meteor stream contributed by Encke’s comet. In a sense, 
the writer predicted the existence of this stream (Whipple, 1939), 
although in 1939 he had no premonition that radio techniques might 
eventually be developed to observe it. It seemed quite likely, how¬ 
ever, that bright fireballs from the other intersection of the Taurid 
stream with the earth’s orbit might be seen emanating from the 
general direction of the sun. 

Davies of Manchester has recently developed a most remarkable 
method for using radio techniques, to measure not only the velocity 
of a meteor, but also its trajectory and spatial orbit Davies’ method 
depends upon simultaneous observations from three stations, and pro* 
rides meteor velocities and orbits for particles several times smaller 
than those visible to the eye. lie finds that these smaller bodies move 
in orbits that are smaller and more nearly circular than those of the 
larger photographic meteors. The explanation of this observation 
will bring us around, full circle, to the problems of the microineteorites. 

Van da Hoist (1947) and Allen (1947) have demonstrated that 
micrometeorites are sufficiently numerous near the plane of the earth's 
orbit to scatter most of the sunlight scon in the zodiacal light, the 
twilight glow along the zodiac near sunrise or sunset. They find also 
that along the line of sight near to the sun these small particles diffract 
the sunlight and scatter it sufficiently to foian an appreciable fraction 
of the solar corona (see pi. 6). The corona, of course, consists also 
of sunlight scattered by electrons as well as extremely strong bright 
lines from the million-degree gases in the sun's huge extended atmos¬ 
phere. From his calculation of the scattering and diffracting power 
of the micrometeorites near the plane of tire earth’s orbit in space, 
van de Ilulst estimates that some 10,000 tons of this fine dust 
should fall on the earth per day. He also concludes that most of the 
dust particles are smaller than 0,03 cm, (0.01 inch) in diameter. This 
estimate of the total fall on the earth is more than 1,000 times greater 
than Watson’s (1941) earlier estimate based upon the infall of larger 
pieces of metcoritic material. Some direct substantiation of van de 
Huht’sconclusion, however, is given by the fact that noises of meteoric 
impact on high altitude rockets have been recorded by Bohn and 
Xadig (1950), of Temple University, and by Berg and Meredith 
(1950), of the Naval Research Laboratory. 

Pettcrsson and Rotschi (1950, 1952) find also that deep-sea oozes 
contain appreciable quantities of nickel which may possibly derive 
from tli is interplanetary dust. 
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The writer (Whipple, 1955b, 1955c) has recently shown that a 
few tons of cometary dust injected into the solar system each second 
would be adequate to maintain the zodiacal light indefinitely. The 
particles are continuously lost by collisions among themselves, by the 
gravitational effects of the planets, particularly Jupiter, by the inter¬ 
stellar wind produced by the sun’s motion through the interstellar 
gas, by the action of sunlight according to the Poyntmg-Robertson 
effect, and by corpuscular radiation from the sun in the form of out¬ 
going hydrogen protons. Opik (1956) lias shown that the extended 
solar corona also adds drag to these little particles. 1 ho three latter 
effects cause the particles in the zodiacal cloud to spiral slowlj in to¬ 
ward the sun, the rate depending upon the size of the particle. I’m- 
trowsky (1953) has also shown that the grinding of the asteroids 
may produce sufficient ni at trial to maintain the zodiacal cloud. At 
the moment it is not possible to distinguish certainly between these 
two hypotheses but other evidence suggests that the comet ary source 
is much the more important. Observational and theoretical advances 
should settle the question definitively within the next few years. 

Now we can bring together, to complete this discussion, radio me¬ 
teors, photographic meteors, the zodiacal light, micrometeontes, 
comets, and corpuscular radiation from the sun. If meteoric densi¬ 
ties are typically as low as our single measure suggests, the discrepancy 
van do Hu 1st (1947) found between the total influx of zodiacal parti¬ 
cles and meteoritic masses disappears. He measured the integrated 
dimensions of the interplanetary matter rather than its mass; hence 
a low density would reduce his estimate many times. Furthermore, 
the low densitv would increase the older estimate of the total 
meteoritic mosses, and lienee remove the discrepancy entirely. 

The continual bombardment of meteoric debris of course constitutes 
a real hazard to rockets, artificial satellites, and space vehicles, which 
may be subjected to erosion or puncture. Elaborate ballistics ex¬ 
periments and careful calculations have shown, however, that optical 
surfaces exposed to space should not be affected functiona ly in ess 
than about a year, and that for the presently planned small satellites, 
the rate of puncture will be, on the average, only about once 

in five days. it . 

Probably about 2,000 tons of meteoritic debris fall on the earth 

from interplanetary space each day. This largo mass, however, is 
still quite negligible compared to that of the earth. In five mi ion 
years the total accumulation would add up to only an inch over the 

entire surface. - 

Although some of our discussion has led beyond the borderline of 

scientific certainty, I have attempted to distinguish clearly between 
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proven fact and hypothesis. By thus stopping over into unexplored 
areas, wo can soe move clearly the exciting possibilities of future re¬ 
search and, at the same time, appreciate some of the great progress 
already made in this rapidly growing field of astronomy, 
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The Development of the Planetarium 
in the United States 


By Joseph Miles Chamberlain 

Chairman, American Museum^Heyden Plantiarmm 

Ntw York City 


{With e plate*] 

The records of nearly every civilization contain evidence of a 
fascination for the beauty of the skies. This fascination has often 
led to an attempt to explain what was seen, to somehow render 
understandable the complex and often confounding motions of the 
stars, planets, comets, and meteors to be observed on a clear night. 
The attempts to recreate these motions in a fashion that appeared 
simple and immediately comprehensible led to the construction of 

the planetarium, . * 

One of the most ancient concepts of the universe that has been 
recorded conics from the Egyptians. They pictured the world as 
a rectangular box, with Egypt nestled among a ring of mountains 
in its bottom. On a river that flowed in the mountains above and 
around them was a boat which carried the sun. By night it vent 
behind the mountains in the west but cam® again into view in the 
morning. Tlie stars hung through ports from the great canopy 
above—the sky. Each represented a deity. Special gods were as¬ 
signed to the planets to control them in their complex paths among 
the stars. This view of a mechanical universe was in essence a 
planetarium, for even though fanciful and erroneous it portrayed 
in an understandable manner the motions of the celestial actors. 

The Chaldeans developed a comparable model of the universe. 
In it, the earth is something like an overturned boat in appearance, 
rising gradually from the extremities to the center, like a great 
mountain. At the summit of the mountain, the Euphrates luver 
had its source. Near the foot of the mountain, the edges of the 
boat curved outward to form an impregnable wall. The oceans 
formed in the resulting hollow and served as a sort of moat to 
separate man from the gods. The heavens rose above the mountain 
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of the world” in a great dome. The sun gained daily access to 
the interior of the dome by way of doors in the east and west. 

There have been many other attempts to depict and explain the 
motions of the celestial objects. Some have been preserved for 
their pure artistry, and most are evidence of a rat liar good com¬ 
prehension of the mechanisms of the planets, sun, and moon. The 
Fnmese Globe in the National Museum at Naples is a sculpture 
in white marble of Atlas supporting the world on his shoulders. 
Some of the constellation figures are carved in relief on its surface, 
as is the path of the sun. Dating back to 73 R. C., it is still another 
early attempt to illustrate and portray the skies. Other globes, 
with the Equator and the Tropics of Cancer and Capricorn painted 
on them, can be found to represent nearly every century of the 
Christian Era. 

Mechanisms showing the relative motions of the sun, moon, and 
planets have been constructed at various times since the day of 
Christian Huygens (102iM.fl95} and Koeiner {I644-171Q), Huygens 
solved many of the mathematical problems involving the relative 
motions of the planets, which are essentially the same problems 
that must lie solved for the gear trains of the most modern instru¬ 
ments. In England, a device of this type was built for Charles 
Boyle, the fourth Earl of Orrery {1G71M73I), and was named for 
him. The name “orrery" is still used to apply to such pieces of 
apparatus. These machines usually consisted of a series of globes 
to represent the various objects in the solar system. Each globe 
was supported by a metal rod, and interrelated by the gearing at 
the central pedestal. Some undertook to reproduce the planetary 
satellites, properly relating their motions to those of the planets. 
Their complexity cun be readily appreciated. 

One of the most elegant of these orreries was on exhibit for several 
years at the Pels Planetarium of the Franklin Institute in Philadel¬ 
phia. Known as the Kittenhouse Orrery, it was built for use at the 
College of Philadelphia in the early part of the nineteenth cent ury. 
It was a remarkable, device because of its accuracy in representing the 
Keplerian motion of the planets. Both the Pels Planetarium and the 
Buhl Planetarium and Institute of Popular Science in Pittsburgh ex¬ 
hibit the modem counterpart of these orreries. It is the planetarium 
built hy M. Sendtner of Munich, and in addition to the planet repre¬ 
sentation it has the advantage that the observer may look through 
one glass surface of an enclosing sphere and look on the opposite sur¬ 
face to see the stars in their natural formations. 

Still another variation to the orrery or planetarium was constructed 
in 1913 for the Deutsches Museum in Munich. It is a model of the 
solar system according to Copernicus. The distinguishing features 
are Mid its earth orientation. 
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Attached to the center of the ceiling of a room almost 40 feet in 
diameter is the sun globe. It is about 10 inches in diameter and con¬ 
tains a 300-watt light bulb which is the source of light for the entire 
room. The planets Mercury, Venus, the earth. Mars, Jupiter, and 
Saturn are represented by balls with diameters of from about 1.0 
inches to about 8 inches. They move in orbits around the sun with 
speeds proportionate to their natural velocities. The earth com¬ 
pletes a year in about 12 minutes. 

The earth orientation derives from the carriage to which the earth 
ball is attached, and which moves a round with it. An observer rid¬ 
ing in the carriage, seeing the phi nets through a periscope as lighted 
by the “sun” against the constellations, painted on the walls of the 
room, can readily appreciate the similarity to nature's planet family. 
In effect, he has seen an artificial sky that aims to reproduce the skies 
as seen from the earth. Of course, ail comparative sizes and dis¬ 
tances are distorted, and only one observer at a time can be carried 
on the earth cordage. 

Another type of planetarium gives a somewhat superior reproduc¬ 
tion of the skies to a few more viewers. One of the oldest examples is 
known as the Gottorp Globe. Finished in the l6GG T s, it was a sphere 

11 feet in diameter, weighing tens, and so constructed that about 

12 persons could enter it, stand on a platform within it, and see the 
sky as viewed from the earth rather than from space beyond the 
earth. The Gottorp Globe had a typical map of the sky on its inner 
surface, and many stars were represented. Originally it was driven 
by waterpower to rot ate once every 24 hours, 

Koger Long, professor of astronomy at Cambridge, constructed an 
“Astronomical Machine" in the eighteenth century which was quite 
similar in basic design to the Gottorp Globe. Its interior platform 
accommodated about 80 people, and the stars were represented by 
holes punched into the 18-foot sphere. A light representing the sun 
could be moved along the proper path to simulate the sun's motion. 

The twentieth-century version of these globes was constructed in 
1911 for the Chicago Academy of Sciences after a design by Dr. 
Wallace W. Atwood, president of Clark University. It was IS feet 
in diameter and electrically driven. Motions of both the sun and 
moon could be demonstrated. 

Before the outbreak of World War I, Dr. Oskar von 3filler, cre¬ 
ator and director of the Deutsches Museum, approached the Zeiss firm 
regarding the construction of a planetarium that would show the 
movements of the heavenly bodies according to the Ptolemaic system 
on the interior of a hemispherical dome in the same manner as they 
appear to an observer on the earth. The first idea considered was to 
represent the stars by small electric bulbs attached to the dome, which 
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would have to be totaled around an axis parallel to the earth’s axis. 
The sun, moon, and planets were to bo represented by illuminated 
disks driven by a suitable gearing in such a way that the epicycle 
orbits of the objects would be truly represented. It soon became evi¬ 
dent that it was impossible to solve the problem in this manner, and 
the outbreak of the war put a stop to the work. 

Dr. W. Buuersfeld of the Zeiss works in Jena is credited with the 
suggestion that the new instrument be a projector; 

Tie great sphere (the planetarium dame) shall he fined; Its inner white 
surface shall serve ns the pntjcfHen surface for many small projectors which 
shall he placed at the center of the sphere. The reciprocal positions and 
motions of the little projectors shall be Interconnected by suitable driving 
gears in such manner that the little Images of the heavenly bodies, thrown 
upon the Bated hemispheres, shall represent the stars visible to the naked 
eye. In position and motion, just as we are accustomed to see them In the 
natural dear sky. 

After hostilities, work was begun once again on a planetarium that 
would incorporate all the advantages of the large globes and the 
orreries—a device that would reproduce the skies of nature just as 
accurately as possible. 

In August of 1024, after nearly 5 years of design and construction 
in the famous Zeiss plant in Jena, the first modern planetarium instru¬ 
ment was produced. The illusion of reality surpassed the expectations 
of von Miller and even the Zeiss people themselves. 

The prototype instrument was limited in latitude motion and had 
only one spherical star projector, but these faults were corrected. 
Soon, the dumb bell-shaped device, which has since become synonymous 
with popular astronomy lecturing, was in production. Twenty-five 
of these later models were built; most of them were installed in Europe, 
and six have been erected in the United States: 

Pkitta-ium iumtioft P-iUijapning 

Adler Planetarium---- Chicago__ May 10 19S0 

F«|> Planetarium ---„— Philadelphia... Nov. 1,1033 

Griffith Observatory and Planetarium.. I .os Aagelea...._ May 14 1035 

American Museum-Hayden Planetar- New York....... Oet 2 1035 

ium, ‘ * 

Bub) Planetarium and Institute ef Popu- Pittsburgh___ Oct. 24 1030 

lor Science. 1 

Morehead Planetarium. Chapel Hilt, N. C_ May 10.1040 

The projection apparatus that resulted is a weird-looking instru¬ 
ment about 12 feet long, with a large globe at each end. These two 
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globes contain the projectors of tine fixed stars, one globe for the 
northern hemisphere of the sky, one for the southern. The lantern 
slides, or distposi Lives, sire so shaped that their Images fit together 
to make a complete picture of the starry heavens. 

The main structure, containing all the projectors, is so mounted 
tihat it may turn independently about any one of three axes. First, 
it may turn about an axis parallel to the polar axis of the earth. 
When this motion is used without other motions, the effect naturally 
is to trans|>ort the images across the dome sky in exactly the same 
way that the daily rotation of the earth on its axis apparently 
moves the real bodies across our ski* each 24 hours. 

Second, the machine may rotate about an axis perpendicular to 
the plane in which the earth moves about the sun. Without the 
other motions in use, the effect of this is to swing the north pole 
of the sky around the circle that it makes each 26,000 years with 
the processionnl 4t wobbling 3 ’ of the earth’s axis. Tims one can go 
backward or forward in time. For example, the lecturer can set 
the instrument back some 5, TOO years to 3,000 E. C. when Alpha 
Dmconis was our North Star. Or, by putting the instrument ahead 
some 12,000 years, we see Vega marking the north pole of the 
heavens, ami the Southern Cross visible from the latitude of New 
York, The axis of tins processional motion of the instrument inter¬ 
sects the daily-motion axis at the center of the room. 

Third, through this same intersection runs the axis for the remain¬ 
ing motion of the machine, a horizontal one from the east to the 
west point- Rotation about it transports the images on the dome 
as if the viewer of the skies were traveling along a meridian of the 
earth from pole to pole. This is used to demonstrate the changed 
uppeuranee of the skies from different latitudes of the earth, so 
that one may go to the Land of the Midnight Sun, or to the North 
Pole, and observe the apparent movement of sun, moon, and stars 
from there. Or, traveling souths one may see the Magellanic 
Clouds, Canopus, and die Southern Cross. 

The heavy moving parts of the machine are carried on a 
light but carefully built, steel latticework. 

The whole apparatus has several different speeds, all of which 
are many times faster than the real motions. This makes it pos¬ 
sible to condense a very long astronomical story, so that anyone 
can get a clear understanding in a few minutes of the seemingly 
intricate, though actually simple, workings of the heavenly bodies. 

Nearby objects such as the planets and the sun and moon, which 
appear to move against the background of the stars from day to 
day, are repressnted by separate projectors having independent 
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motion on the main part of the machine. In nearly all cases the 
lamps are tungsten-filament electric, and are part of a projection 
system that includes a condensing or light-gathering unit, a dinposi- 
tiro or its equivalent, and an objective or projection lens system 
which focuses on the dome an image of the illuminated dispositive. 
The diaposi tires for the star-field projectors are not photoemulsions 
on glass, but pieces of copper foil with small round holes punched 
in them for the stars. These panellings are varied in size in accord¬ 
ance with the brightness of the real stars they represent. Holes 
for the faintest stars are of the order of one-thousandth, of an 
inch in diameter. The 10 star-field projectors mounted in each ball 
at the ends of the dumbbell are lighted by the one light in the center. 

A further point of interest regarding the projectors is the pro¬ 
vision made in all of them to cut off their light when they are 
pointed below the horizon, thus keeping their direct light from the 
eyes of the audience. In nearly all instances the occulting device 
is a cup-shaped, gravity-operated shield that slowly swings into 
the projection beam as the projector is tilted downward. 

The prime movers for the machine are small 8-phase alternating- 
current motors; reversal of phase accomplishes reversal of direction 
of rotation. They are all mounted on the main moving part. 
Transmission and interconnection are accomplished by gearing. 
Motions that are additive are joined through planetary transmissions. 
The motions and lamp circuits are all controlled remotely by 
the lecturer from a switchboard in a speaker’s stand near the 
wall of the room. Here on the horizontal part of the main 
board are labeled switches for every motor or lamp, and rheostats 
or powerstats for controlling the brightness of the lamps in use. 

It might be helpful nt this point to differentiate between the 
planetarium as a device or training aid, ns just described, and the 
planetarium as an institution, its more appropriate usage in the con¬ 
test of current-day function. All the planetarium® in the United 
States are organizations that serve several purposes, though the 
popular program of explication in astronomy is usually the primary 
mission. No matter whether the projection instrument is used or not, 
one refers to the “planetarium” when speaking of the organisation! 

ADLER PLANETARIUM 

Aside from the orreries, globes, and armillary spheres that made 
their appearances in many schools and museums, the first planetarium 
venture in the United States was brought to realitv in Chicago Max 
Adler, a former official of Sears, Roebuck & Co,,'generously donated 
$500,000 to the city of Chicago to purchase a Zeiss planetarium instni- 
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ment for that city. The dedication plaque has an inscription that 
might have defined the purpose of the new enterprise ^ 

file ASTRONOMICAL MUSEUM AJCD PLANETARIUM of CHICAGO 
OlFt OF MAX AULUE 

To further the progrees of science 
To ^uLde an understanding of the majesty of the heavens 
To emptiasize that under tbe great celestial Armament there Is order, lade- 

pcndence anil unity 
1900 

Mi h . Adler, in his dedication address, further amplified: 

Chicago has boon striving to create, and in large measure bus succeeded In 
treating, facilities for Us citizen* of today to Uve a life richer and more fall 
of meaning than was available for the citizen* of yesterday * . . 

The popular conception of the universe is too meager; the planets and the 
stars are too far removed from general knowledge. In our reflection^ we dwell 
too little upon the concept that the world and all human endeavor within it are 
governed by established order and too infrequently upon the truth that under 
the heavens everythiug la Interrelated, even as each of m to the other - . - 

The planetarium has boon the subject of praise by scientists and educators. 
One of them has character!led it as '-a schoolroom under the vault of heaven ' 
and as “a drama with the celestial bodies as actors/' . . * 

It la my hope that the youth of our city, and Indeed of other cities, may 
through this dramatization find new interests and fresh Inspiration and also 
that with the aid of the Planetarium and Astronomical Museum, science may 
be advanced t Fob* 1032). 

Thus the stage was sot. The planetarium in the United States 
was more than just an exhibit; it was to be an institution with several 
masters to serve: education, science, pleasure, and the realm of the 
spirit. 

The building was designed to implement the purposes as outlined 
by Mr. Adler, The largest single space is allotted to the planetarium 
chamber on the second lloor, and surrounding it are exhibit areas, 
offices, a library, and an entrance foyer. The lower level contains ft 
lecture hall, shops and work space, machinery rooms, rest rooms, and 
additional exhibit areas. 

The attendance during the first year was 731,108—certainly evidence 
of the attractiveness of the new institution. During the Chicago 
World’s Fair, when the building was within the fair grounds, at¬ 
tendance reached an all-time high of 025,1*6. Administratively, the 
organization has been under the cognizance of the Chicago Park Dis¬ 
trict In practice, it lias been an entity within itself, quite inde¬ 
pendent from the District, especially where educational and scientific 
policy are concerned. It has had the further advantage of advice and 
assistance from the Adler Planetarium Trust, a group of interested 
laymen headed by Hobart S. Adler, son of the donor. 
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FELS PLANETARIUM 

Shortly nfter the Adler Planetarium and Astronomical Museum 
was opened, the announcement was made that Philadelphia would 
have the privilege of being the second city in the United States to 
possess a Zeiss planetarium, Samuel 8. Pels, the great philanthropist 
of that city, impressed with the educational value of the planetarium, 
donated a large sum for the purpose. The new installation was em¬ 
bodied in the new Franklin Memorial and the Franklin Institute 
Museum. The city of Philadelphia set aside a whole city block just 
a few minutes from the City Hall and adjacent to Logan Circle, The 
planetarium has its home in that section of the Museum building 
which is devoted to astronomy. It has a separate outside entrance 
and con be operated separately from the Museum if desired. 

A strong feature is the observatory, in addition to the projection 
theater, there is a rooftop dome housing a 250-mm. Zeiss refracting 
telescope especially fitted out for lecturing and demonstration. III any 
evening performances in the dome nre supplemented by a visit to the 
observatory for first-hand contact with the real sky. 

The Pels Planetarium lias established itself through the years as a 
leader in the offering of special astronomy lectures for school groups. 
The Philadelphia Board of Education has had the foresight to recog¬ 
nize the unequaled educational value of the planetarium, especially if 
the lectures offered in it are integrated with the curriculum in the 
schools. To facilitate the scheduling of such school groups at a time 
most valuable to them with respect to their progress hi science, the 
Board has placed employees at the Franklin Institute, Most other 
pi an eta ri urns have offered similar programs for the youth of the 
urea they serve, but none is better planned or organized than in 
Philadelphia. 

GRIFFITH OBSERVATORY AND PLANETARIUM 

Still another planetarium was opened to the public on May 14, lf>35, 
in Los Angeles, Calif. It was a present to the City of Los Angeles 
provided for in the will of Col. Griffith J. Griffith. Like its prede¬ 
cessors in Chicago and Philadelphia, it featured the Zeiss projection 
planetarium, and like Chicago it was city owned and operated. Like 
Philadelphia, it possessed an observatory. The observatory was al¬ 
lotted architecturally as much prominence as the projection theater, 
and the organization became known as the Griffith Observatory. 

The principal instrument in the observatory proper is a Zeiss 12- 
inch refractor. There is also a coelostat telescope which produces a 
large Image of the sun on a screen in the Hall of Science. In the 
Hull of Science, in addition to the solar image, there are more than 
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100 exhibits demonstrating some of the most notable achievements in 
modem sctenee. There is a Foucault Pendulum to demonstrate the 
rotation of the earth, an excellent model of the moon, and astronomi¬ 
cal paintings and murals in abundance. 

Situated on a hill overlooking the Los Angel® area, the Griffith 
Observatory and Planetarium has an enviable location. 

AMERICAN MUSEUM-HAYDEN PLANETARIUM 

The American Museum-Hayden Planetarium in New York is the 
Department of Astronomy of the American Museum of Natural His¬ 
tory. It lays claim to the consistently highest attendance of any 
planetarium in the United States, and to the most extensive edu¬ 
cational program. When it was opened to tire public in October 
1D35, the program that was offered was a. change in direction and 
intensity, but was actually an extension of the astronomical functions 
of the American Museum, which dated back to the nineteenth cen¬ 
tury. Dr. Clyde Fisher, long-time curator of astronomy, had visions 
in the early lOSO’s of nn ‘6deal astronomic hall’’ that he had hoped 
would be built in the Museum. The plans, never brought to fruition, 
show a building, octagon ally shaped, with a diameter of 12G feet and 
a height of 5 stories, surmounted by a dome. The Zeiss projector was 
to have been mounted at the center of the dome as a continuously op¬ 
erating exhibition—not a show or a lecture. There is a complete 
description of the plan in Natural History Magazine for July-Au¬ 
gust 1926. One can only regret that the ambitious, 83,000,000 (in 
1926!) dream never came into being. 

In the spring of 1933, the trustees of the American Museum of 
Natural History formed a separate corporation, known as Tire 
American Museum of Natural History Planetarium Authority, 
thereby becoming eligible to apply to the Reconstruction iinance 
Corporation for a loan on ft self-liquidating basis to construct and 
equip a planetarium. Charles Hayden donated the Zeiss projection 
instrument and the Copernican orrery devised for install id ion on 
the first floor. 

Satisfied that the Museums proposition was financially sound and 
that anticipated revenue from admission fees would be sufficient 
to olfset operating expenses and also amortize the investment, the 
RFC granted a $050,000 loan to construct the Planetarium building. 
Tn appreciation for Mr. Hayden's generous gift, the building was 
officially designated by the trustees as the Hayden Planetarium. 
The name was changed to American Museum-Huyden Planetarium 
in 1952 to more clearly establish the relationship to the parent 
organization. 
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After World War II, I ho trustees of the Museum purchased the 
outstanding bonds, in purt with a donation from the Hayden Foun¬ 
dation. The Planetarium Authority is still responsible for retiring 
the remaining substantial debt. 

The breadth of the program in Xew York is of special interest. 
The popular demonstration attracted over GOO,000 in the fiscal year 
ended Juno BO, 1057. These people witnessed one of seven annual 
presentations, such as: “Earth, Air and Space/* “Captives of the 
Sun,” “The Christmas Star,” “From Dusk to Dawn,” “Time and 
the Stars,” “Easter in the Heavens,” and “A Trip to Palomar.” 
A simitar pattern of change in the popular offering is also character¬ 
istic of other American planetariums. 

The American Museum-Hoyden Planetarium offers courses in as¬ 
tronomy, navigation, and meteorology. These range from a Saturday 
morning course for young people to graduate courses for credit in 
cooperation with local colleges and universities. The series of courses 
in navigation (piloting, introduction to celestial navigation, advanced 
celestial navigation! has been especially well received. 

Special demonstrations arc given to about 20 local colleges as a 
supplement to their instruction in descriptive astronomy. This may 
consist of a single lecture annually or a series each semester. In 
every instance, efforts are directed toward satisfying the needs of 
the students involved after consultation between a Planetarium staff 
member and the college instructor. 

Lectures are given weekly to students from the junior high schools 
of the City of Hew York. Other lectures are prepared for special 
groups. 

To handle this extensive program, (here is a staff of two astrono¬ 
mers (one of whom is chairman), two associate astronomers, two 
assistant astronomers, five special lecturers, and six instructors (these 
last two categories are part-time), and a supporting group of 
about 35 full-time employees. 

BUHL PLANETARIUM AND INSTITUTE OF POPULAR SCIENCE 

Tn I93f>, the Buhl Planetarium and Institute of Popular Science 
was opened. Dr. Charles F. Lewis, director of the Buhl Foundation, 
in his address of presentation stated the reasons for establishing 
the new institution in Pittsburgh with great clarity and directness; 

Why, it may be asked, should there be a planetarium? I will give you two 
reasons, either one of which I believe justifies tbc expenditure of funds and 
effort. 

First, I believe that the oldest eurlcmitj at tima wbb nbtrnt tbe fttdxs; noil I 
believe tbut this cnrloslty la Infinitely worth satisfyThe heavens them- 
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^selves were the world's first niotiou picture theater. The ancients had no 
bread, smooth highways upon which to speed to automobiles They bm no 
.Hnctim. They had no brightly lighted concert halls. The heavens, at night, 
were their theater. We know that they watched the skit* Intently and we 
know that they peopled them with a mating creatures: the Great Bear and the 
Little Bear*, the Dragon; the Charioteer; Orion, the great hunter, and his two 
dogs; Cyguu*. the swan; and many others. And aboat them they wove legends 
aad isles which have come down to us today Sophisticated modems that we 
are we look at the stars and cannot for the life of us see the Great Bear. e 
call it the Big Dipper, We utterly fall to visualize the figures to the sky as 
the ancient, did. This, we must believe. Is because their Imaginations were 
keener than our., more naive and childlike, less dull*! by artificial stimuli. 
Vet I have never known a city-bred per** who, transported to the open country 
on a vacation, failed to look ui»n the heavens In wonder and to rapture and to 
be filled with a longing to know about them. This longing, this curiosity is 
worth satisfying because it has to do with the very stuff of which creation 

Itself Is made, . _ _ _ 

I like to think that there to another reason why the popular Study of as¬ 
tronomy, ns made possible by a planetarium, to worthwhile, and that to that It 
teaches us that everything in the universe takes place in compliant with eternal 
and unchanging law s. These laws are so precise and exacting that we are able 
to predict with absolute certainty the position of any planet at any time as seen 
from any spot on the earth. We know to the minute the coming of an eclipse 
centuries ahead and exactly to what part of the earth Its totality trill be 
present. There Is no referendum, no amendment, no repeal. There is only 
certainty Nothing In the laws of men to comparable to this. When a man 
has once grasped the import of what this means, it la difficult to see how ever 
again he can he other than hutnhle, or can ever again he satisfied with anything 
that is half-way. or slipshod, or unworthy , . - 
It seems to me, moreover, that there to a seconds philosophical-reason 
whv Pittsburgh should have such on Institution of Popular Science . . , 

I submit to yon that one raison that Endtly 1ms not been able to ad ranee its 
social control* as rapidly a* some would wish, to meet the new situations cre¬ 
ated by the forward march of science and invention, to that the people »i large 
have had an insufficient understanding of scientific progress. For too long new 
scientific discoveries were the prized and secret possessions of scientists who re¬ 
garded popnlartoatlon as vulgarisation. There was for years a n attitude la 
many scientific quarter* that seemed to say that the people could cot he made 
to understand science; and it was a little short of unethical to try to put scien¬ 
tific ,ruths into plain English. Fortunately, that day to pacing rapidly. To- 
dav the scientist of great achievement to sometimes one who can discover new 
truths and also state the matter so simply that a high school boy can under¬ 
stand and find challenge nbd Inspiration to the understanding. In « democracy 
the source of social action to the people. It seems Obvious, therefore, that If 
the people are called upon to toko social notion as a result of advances on the 
frontier* of Sclent, they should have every facility to understand what these 
advances are, how they have been achieved, and where they may be expected to 

lend ttflJ * ** - j 

TKe Buhl Planetarium has, during tl>e past 18 years, established 
itself as a unique community -service organization. The program 


■ Dedication of the Fuhl Planetarium and Institute of Popular Sdetiee, a pro¬ 
gram published by the Planetarium, Pittsburgh, Po„ Oct. 24, 193®, 
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developed there lias been quite different from that of the other plane- 
tariums. First, the planetarium sky theater has not dominated the 
operation; equal emphasis has been given the exhibits and displays in 
the superb popular science museum. Cooperation with the schools 
lias been carried out most extensively. The theme for a month per¬ 
meates the presentation in the dome, but it also extends to the exhibits 
and general motif. For example, during the Latin Festival, the ori¬ 
entation in the planetarium is to the skies of Rome, and the Museum 
displays exhibits and projects prepared by Pittsburgh-area students 
in conjunction with their studies of the classics. School teachers are 
involved in the planning and implementation, and prizes are awarded 
to the students. The donors of the prizes include nearly every 
Pittsburgh manufacturer interested In science. 

Unlike most of the other American planetariums, Buhl has in this 
manner extended its interests beyond astronomy and the natural sci¬ 
ences to include social science, language, engineering, etc. Probably 
more young people have been reached in so doing. The number of 
Institute visitors proportionate to the greater Pittsburgh population 
is higher than for the planetariums in other metropolitan centers. 

MORF.HRAD PLANETARIUM 

The Morel lead Planetarium is housed in an elegant classical-style 
building on the campus of the University of North Carolina at Chapel 
Hill, N. C. It was the gift of John M, Morehead, former Ambas¬ 
sador to Sweden. The building, in addition to the dome with, its 
Zeiss projector, which was purchased from Stockholm, has a Coper- 
nierm planetarium, extensive exhibit spaces, sumptuous meeting rooms, 
and a state dining room with all accessories. 

The planetarium is used in conjunction with classes at the Uni¬ 
versity, but it also provides a service to the people of North Carolina. 
The extent of its efficacy becomes clear in comparing the Chapel Hill 
population of about 10,000 to the annual attendance at the institution 
of about 80,000. It represents n new type of planetarium environ¬ 
ment—a limited audience potential, a superb physical plant, and a 
center of campus and community activity. 

During and after the second World War, the famous Zeiss plant in 
Jena, in the present East Zone of Germany, was diverted to other 
purposes than planetarium construction. For several years, pro¬ 
jectors were not available. This situation has changed now, and both 
Carl Zeiss, Oberkochen, and Carl Zeiss, Jena, appear to be ready to 
produce planetariums to order. Construction is in progress for new 
installations in Sao Paulo, Brazil; Caracas, Venezuela; and London, 
England. However, during the several years in winch Zeiss was out 
of the market, the demand for new installations was great. There 
was a resurgence of interest in science, abetted popularly by the 
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transition from fantasy to fact in the areas of rocketry and astro¬ 
nautics. In many institutions, money for program expansion was 
available, and in numerous cities, committees of interested citizens 
sought new public service educational agencies. More widespread 
travel and consequent exposure to existing planetariums whetted the 
appetite. 

MORRISON PLANETARIUM 

Tn San Francisco, during the latter 1940's, the decision was made to 
construct a planetarium. Funds were raised by the trustees of the 
California Academy of Sciences for the purpose, beginning with a 
gift of $200,000 from the estate of Alexander F. Morrison. No 
planetarium instrument was available, however, so the Academy 
undertook to construct one in the excellent shops that had been used 
to repair optical and navigation instruments for the Xavy during the 
war. Certain basic features of the Zeiss instrument were incorporated 
but many improvements were made. As Dr. Robert C- Miller, di¬ 
rector of the Academy, expressed it: 

This is (he first plmrtorltitii that can be operated entirely automatically. 
While It is the Intention In general to have “Tlvo" planetarium demonstrations. 
If the lecturer Is suddenly called away by some emergency, he can flick a 
switch and a Uje recording will take over, giving the lecture, dimming the 
house lights, turning on the stars, putting the planets through their proper 
motions In perfect synchronisation with the lecture, finally bringing the 
daybreak and sunrise, then turning on the house lights, tlmnklug people 
for listening, ;ind Inviting them to come again. Actually of course we will 
never leave the planetarium unattended while u shew Is In progress; but If 
a lecturer develops a had throat the tape will come In handy. 

The automatic feature is provided by a telephone-type switchboard which 
can be plugged In to accomplish, hy a stepping relay, 230 operations In 
succession on cue from the tape, the cue being provided by hits of foil on 
the back of the tape which complete an electric circuit. 

The Academy of Sciences projector Is quieter hi operation than earlier 
Instruments. The hemispheres containing the star plates have been brought 
closer to the center, giving a better distribution of weight and improving 
the appearance. The planet projectors, which are light In construction, have 
l>cen put fit the two ends of the Instrument, Instead of nt the "waist’* a* In 
the Zeiss design. The "eyelids'* which cut off the light of the stars when 
they reach the horizon are more positive In operation. The moon Is not 
just a round white disc but an actual photograph of the moon projected 
on the dome. The stars themselves give a greater illusion of reality, (lllllcr. 
1032. p. 17.) 

Sinco its opening in November 1952, the Morrison Planetarium 
lias taken its place among the institutions of the country seeking to 
bring astronomical science to the general public. 

SPITZ PLANETARIUM PROJECTORS 

Another scries of developments in the latter part of the 1940 s 
has considerably changed the planetarium picture in the United 
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States, Arm and N - . Spitz is the man responsible. He is a self-taught 
astronomer with a background in newspaper work and museum 
education—a man with an endless stream of ideas. For years iia 
had harbored notions of producing a planetarium that was within 
the means of many schools, museums, and libraries in even the 
smnll communities. In 1&47, his dream became a reality; Spitz 
and some business friends actually produced a small functioning 
star projector. 

The new device was a dodecahedron assembled from 12 pentngo- 
nnlly shaped black plastic sheets. At the center, properly gimbaled, 
was a small electric light bulb, Rays of light shone from it through 
holes machined in the surface of the dodecahedron—largo holes 
for large stars, small holes for small stars. Diurnal motion was 
attained by rotating the machine around an axis parallel to the 
earth’s axis. Latitude change was produced by tilting this axis. 
Separate projectors were provided to demonstrate the positions of 
snn, moon, mid planets (which could be set in advance for any given 
date), and to show the meridian, celestial coordinates, and the celestial 
triangle which is the basic problem in celestial navigation. 

The author was partly responsible for the installation of one of 
the earliest Spitz planetariuma located at the U, S. Merchant Marine 
Academy at Kings Point, N. Y. As an assistant professor of 
astronomy I was seeking a means of demonstrating the three- 
dimensional character of the skies in a simple and meaningful 
manner, I was mindful of the elegant but confusing blackboard 
drawings of one of my own early astronomy instructors, and was 
determined not to duplicate the confusion. Visits to the American 
Museum-Hayden Plonetarium with the astronomy classes had been 
arranged for several years, but the demonstrations there were not 
specifically appropriate to the needs of our students. The visits did 
prove the potential value of a planetarium for our own use. 

A small planetarium dome was constructed in the astronomy class¬ 
room, It was 20 feet in diameter and 13 feet high from floor to 
zenith; the height was fixed by the ceiling. Benches were installed 
to accommodate up to 30 students—a full class. As soon as the 
Spitz projector was supplied, classes were scheduled regularly in 
the planetarium—normally, about one-half of a class session each 
week for most of the school term, or a total of about 5 hours out 
of the 45 allotted for the course in descriptive astronomy. The 
planetarium also served as a center of interest for the Academy’s 
astronomy club, and as a point of visitation for guests on campus. 

The installation at Kings Point is typical of many others made by 
the Spitz organization since 1&47. To date, more than ISO dassroom- 
size units have been erected. Some are comfortably housed in separate 
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buildings set aside or constructed for the planetarium, and some have 
been installed in existing areas in schools, colleges, museums, and 
observatories. 

The planetarium projectors in the more recent installations a it 
superior to the earlier models. The plastic of the dodecahedron has 
been replaced by aluminum, and special lens-type projectors have been 
attached for each of the first-magnitude stars, thereby vastly improv¬ 
ing the appearance of the artificial sky. The control console is far 
more comprehensive and versatile. The domes have been improved, 
too, and some are large enough to provide seating for more than one 
hundred people. Special planetarium benches were designed for the 
comfort of the sky-watching audiences. 

But Annan 4 Spitz was not satisfied with the smaller planetarium 
instruments. During 1952-58, his organization created a new projec¬ 
tor designed to be comparable to the Zeissv In general appearance it 
is similar, but there are several significant design modifications. As 
in the Zeiss, the stars are produced in spheres at the two extremes 
of the device, but in the Spitz the source of light is a unique high- 
in tensity pin-point light source cleverly fitted to reflect light rays 
through the holes machined to represent the stare. The entire 
projector assembly is suspended from unobtrusive cables secured 
to the ceiling, leaving the apparently unsupported machine “floating 
in space' T with no structure between it and the floor. 

The first of the Model B projectors, ns the new ones were labeled, 
was installed at the Centro Municipal de Dmdgacion Cientifica in 
Montevideo, Uruguay. Reports from that country since the 1954 
opening indicate both wide public acceptance and dependable per¬ 
formance of the instrument. 

Model B's are also being installed at the Flint College and Cultural 
Development in Flint. Mich., and at the U. S. Air Force Academy 
in Colorado Springs, Colo, Both are scheduled to he ojiened in 1958. 

The Flint installation is unique. The planetarium is to be a part of 
an extensive college and community service plan that includes two 
special-purpose theaters, an art center, a library, a transportation 
museum and malls, reflecting pools, and donor memorials—all in¬ 
tegrated in design and utility. The planetarium will be named for 
Robert T. Longway, one of the Flint businessmen who have been re¬ 
sponsible for raising the funds for this extensive project. 

The planetarium at the Air Force Academy, like the smaller In¬ 
stallations at the U- S. Merchant Marino Academy, the U. S. Naval 
Academy, and the U- S. Coast Guard Academy, will be utilized exten¬ 
sively for teaching navigation and descriptive astronomy to the 
cadets. It wfij also be used as a campus attraction for visitors, thus 
filling the gap of major planetaria ins between Chicago in the cast and 
San Francisco-Los Angeles in the west. 
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Meanwhile, in Boston, another planetarium has been under con¬ 
struction. It is a part of the Museum of Science in Science Park, and 
is named for Charles Hayden, the philanthropist who also donated 
the Zeiss projector for the planetarium in Xew York. The building 
was completed early in 1956, but the construction of the complex new 
projector has been delayed. It is likely that the new Hayden Plane¬ 
tarium will open its doors along with the ones at Flint and the Air 
Force Academy in 1958. 

The Boston instrument is being built by Frank Korkosz at Ms 
shop in bpringfield, Mass. It is a completely new, if not indical, 
design incorporating the advantages of both* Zeiss and Spitz. In 
particular, the star images as projected on the dome arc reported to 
produce an illusion much closer to reality than in the earlier instru¬ 
ments, though both Spitz's Model B and the California Academy of 
Sciences have been successful in attaining actual variable intensity in 
(heir star representation, as opposed to the variable-sized disks in the 
Zeiss and Spitz classroom units. 

lVhile awaiting the delivery of the new projector, the staff in Boston 
has been able to create several new and different special effects: A 
lighted skyline that drops into the cove below horizon level, remark¬ 
ably realistic lightning, and a. sound system sufficiently versatile to re¬ 
produce most any sound effect in whatever location in’the dome might 
be specified. 

Many other planetarium installations are on the drawing boards. 
Most of these will be the small classroom-size Spitz; there may be sev¬ 
eral large ones, too. Seattle, Portland, Detroit, St. Louis, Dallas, 
Kansas City, Miami, and W ashingt on are among the cities from which 
there are indications of interest. The time may not be far distant 
when plonetarinms will be as numerous as museums. In this ago of 
emphasis on science, such a trend is not only welcome, hut almost 
mandatory. 
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The Development of Radio Astronomy 1 


By Gerald S. Hawkins 
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[Wits two pint«1 

It is , m orn=c that we tan witness the bi«h and development of a 
new science such as radio astronomy. Moat scene* have had 
obscure beginnings, and the world has been slow to realize the>r im- 
portance. Astronomy, for .sample, began u-ith an .merest m ho 
La and the motion of planets long before the beginning of ^corded 
history, but this interest could not develop into a science until after 
the invention of arable numerals, which paved He -ay tor thotW 
lies of planetary motion several hundred years later. The teles cope 
gave a great impetus to research rehen in 1609 Galileo disced the 
moons of Jopitir anrl Saturn’s rings, hut kno-l«l«e npr«ttl slow* 
in those days and it loot more than 200 years to estabUsh the ban= 
facts of astronomy. Wo knorv that the sun m one sb»r»ongWO 
billion in tho looal galavy, and in the universe there am prabobly mo re 
than 10(1 billion other gal,ivies. With the additional teehniqu* of 
photography and speetrosenpy rapid advances are being made 
all fields, so'that rre can study the atmoephere of tho planets, 
position of the stare, and can investigate almost any problem «e 

d> oTthe other hand, the science of radio astronomy has developed at 
a tinw when the world seems to he almas, at the peek oMJ, leehmoal 
evolution. Tho radio sky was first glimpsed by * " 
Within 15 vears tho significance of the new science w as realized^ 
then discovery followed discovery with bewUdering speed. li^ 
stars were found, some of which are quite mviS'bie to tho astronomer, 

and others which are coincident wit.i eip uc mg * * . \ocb1 

aides in collision. Spiral arms have been mapped out m our loc 
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galaxy and radio signals have been detected from the neighboring 
galaxies in the universe. Nearer home, the sun, Jupiter, and even 
Venus hare been found to be powerful radio emitters. The cause of 
these signals and the nature of the invisible stars are unknown, and 
much research effort is being expended at the present time to solve 
these mysteries. 

THE EQUIPMENT USED BY RADIO ASTRONOMERS 

Almost every observation so far has been made with the equipment 
shown schematically in figure 1. Signals are picked up from space 
by the radio telescope to be magnified in the receiver and fed to a 
suitable display unit. 



Figure 1—The equipment uied by radio astronomers. 

Radio telescopes fall into two categories, those with a single direc- 
hoiitil beam and those with multiple beams. A single beam is formed 
by the parabolic reflector, as shown in plate 1, which acta like an auto 
headlight in reverse. Waves from a radio star are focused by the 
paraboloid to form a spotlike image which has a diameter inversely 
proportional to the aperture of tho telescope. Large apertures are 
expensive and one of the best images that has so fur been obtained is 
^ degree, given by the new 60-foot disk at Harvard. This em¬ 
phasizes the main disadvantage of radio telescopes; the definition is 
extremely pcor, not even as good as that of the human eye, but as we 

i‘ U 7J , n ? ? nys of ove ra>ming this defect. At the 

focus of the paraboloid the image is allowed to fall on a dipole element 

„ , l ® SlT ied . fr ° m tWo metal rods similar to one side of an 

il'ttT 7 T T\ t eCtH ° ***** * nd ^rents are induced 
in the dipole and are fed down a cable into the receiver. 
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A single beam may be produced in an endless number of ways 
which can become almost as complicated as the character of the de¬ 
signer. If dipoles are connected together to cover a flat area they are 
equivalent to a paraboloid telescope of the same area* the array 
of dipoles* however, will operate only over a narrow band of wave¬ 
lengths and it is difficult to point the sensitive beam to various parts 
of the sky, A dipole may have five or more focusing rods placed 
in front of it to form a Yagi-type antenna which is frequently seen 
in use with short'wavelength TV receivers. Electrical energy may 
also be picked up on a long metal helix. Both the Y agi and helix 
are equivalent to paraboloids with apertures of from 1 to 2 
wavelengths. 

It is possible to increase the quality of the image by means of the 
interferometer. Two separate antennas are spaced at either end of a 
long baseline and the signals are mixed together in the receiver. A 
radio star perpendicular to the baseline produces signals that are in 
phase at each antenna. As the earth rotates and the radio star makes 
an angle with the baseline the signals will differ in phase and tend to 
cancel out. In this way a radio star produces periodic variation* ns 
it rises, passes due south* and sots. Now the effective aperture of the 
telescope is equal to the length of the baseline, so that a narrow beam 
can be produced with reasonable economy. Unfortunately * not one 
but many narrow beams are produced, so that the results become diffi¬ 
cult to interpret. Despite this limitation, however* the interferometer 
has done much valuable work in determining the angular diameter 
and exact positions of radio stare. 

The receiver is similar in many respects to those used in I \ * except 
that the voltage gain is high (-"-IQ million) so that the radio noise due 
to thermal motion of electrons at the input of the receiver is readily 
detected. In radio astronomy great care has to be taken to maintain 
a constant gain in the receiver because a fluctuation* say in the tem¬ 
perature of the filaments in the tubes, would produce a variation of 
noise at the output which would mask the faint signals being detected 
from space, A standard source of energy is put In the place of (he 
telescope to calibrate the receiver as shown in figure 1. This is usu¬ 
ally a diode vacuum tube since the noise power is accurately known in 
terms of the current flowing through the tube. To minimize the effect 
of variations in the thermal noise of the receiver the calibration is 
sometimes carried out automatically at a rate of -5 times per second. 
In this way a 25-cycle note is produced at the output and the amp It- 
tude of the note is independent of receiver noise* being proportional 
to the difference between the cosmic signal mid the standard source. 
There will always be slight ripples in the output, however* even With 
an ideal system* because wo are comparing two noise signals w e 


282 AX^TUAIi REPORT SMITHSOXIAUC IttSTITOTlOX, 1GS7 


are varying in a random manner about a certain mean level. These 
ripples can be greatly reduced by integrating the signals over long 
periods of time. 

One of the most impressive ways of displaying the noise from the 
cosmos is to use a loudspeaker system. The sun and local galaxy can 
be heard as a gentle hiss; the galactic noise remains steady but the 
hcorms on the sun swell and fade many times during the course of an 
hour. Jupiter is the performer that really dominates the air. When 
heard over n high-fidelity system, its roars and rumble® almost con- 
vmce one that the Romans were right in their ideas about the gods. 
I' or quantitative work, however, it is essential to obtain a permanent 
record m a form amenable to analysis. If the signal is fed to a 
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millianimcter with a pen attached to the arm, a mark will be made 
which is proportional to the intensity of the signal. If the mark 
is made on a roll of paper driven at a constant speed then a precise 
intensity-tune graph is produced. Radio stare can be observed bv 
sweeping the telescojie slowly aei-oss the sky, for when the star is in 
the center of the beam the pen gives a maximum deflection. One of 
the most convenient scanning arrangements is to clamp the telescope 
and utilize the rotation of the earth. This has been the preferred 
method with an interferometer because the baseline is long and the 
instrument is mechanically unwieldy. The sensitive beams are there¬ 
fore allowed to drift across a star as the earth rotates and the pen 
record vanes rhythmically as shown in figure 2. A star of small 
diameter produces well-defined maxima and minima, but a large 
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source forms an indistinct pattern. The depth of the minima gives 
a measure of the diameter of the radio object. In specialized work, 
following the rapid movements of gas jets across the sun for example, 
the interferometer beam has been made to scan at a fast rate but the 
method presents practical difficulties and is not often used. The 
scanning is performed electrically by introducing a variable phase 
lag in the cable from one of the antennas. 

SIGNALS FROM THE SUN 

There are remarkable differences in the appearance of the sun at 
different radio wavelengths. Optically we see down through the solar 
atmosphere to the incandescent layer of gas called the photosphere. 
This layer is at an average temperature of 6200 q C., but occasionally 
large areas become cooled to about 5000 c C. and a dark sunspot ap - 
pears. Sunspot regions are greatly disturbed and have been likened 
to storms. Cine films show that part of the interior of the sun is dis¬ 
gorged to rain down incessantly as streams of white-hot gas. I he 
whole area is pierced by an intense magnetic field which probably has 
its origin in whirlpool motions below the photosphere. Sometimes ft 
bright flare of light appears near a spot, as shown in figure 3, and this 
is thought to mark the ejection of a stream of charged particles which 
impinge on the atmosphere of the earth a day or so later, causing 
beautiful displays of the Aurora Borealis. Above the photosphere 
wo find the chromosphere, which is a red-colored layer about 10,000 
km, thick, visible during a total eclipse of the sun. Du ring an eclipse 
a white halo is also seen extending outward for about a solar radius. 
This is the solar corona, an envelope of ionized gus shining with 
scattered sunlight. It has recently bren shown that the outer edge 
corona is at a temperature of a million degrees; this is a helpful 
clue in explaining some of the peculiar radio effects that have been 
observed at long wavelengths. 

At centimetric wavelengths the sun looks very much the same as it 
does in the optical band, except that the steady light is now able to 
pass freely through heavy cloud, rein, or fog. At wavelengths of 20 
cm. the sun ceases to be uniformly bright but develops a ringlike 
halo. Viewed with radio eyes it would appear as a brilliant circle 
with a dusky renter. This is caused by the temperature in version m 
the corona where the temperature increases as we move out from the 
sun. Looking at the center we see the cooler layers below, and looking 
at the limb we sen the hotter layers edge-on. In addition to the limb 
brightening, star like points appear on the disc of the son awl con¬ 
tribute to the general radiation. It has been shown that these points 
occur near the visual sunspots, so at 20 cm. the radio astronomer has 
a completely reversed image, a dark sun with bright sunspots. 
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1 here wjpe f nrf her surprises in store for the radio astronomer when 
he looked at the sun at wavelengths of about 1 meter. A steady signal 
was observed corresponding to a temperature of a million degrees. 
To find the exact location of the noise source on the sun an attempt 
was made to observe an eclipse. Providence has so arranged the dis¬ 
tances of the earth, moon, and sun that the circular shape of tho moon 
exactly covers the photosphere. Without this fortunate coincidence 
our knowledge of the sun would for a long while have been quite 
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tCrfh A ^. the . 1,,0 ° n gradually covered the solar disc it was hoped 
that the radio signal would disappear at a certain stage of the eclipse 
and thus reveal the radio source. The observations showed little 
variation in the signal and even at totality the radio sun was still 
shining. It was obvious that the radio sun was much larger than the 
° P {i f 1 * rtdwtion was coming from the high corona. 

Three types of major rad.o disturbances are recognised as emanat 

“tT ^ SUh ‘ TIiey 31X5 n0ise st0 ^ <"*■»■>»£ and S A 
u, a cloud in .bo corona, vcrtic llj above 
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spot. The cloud ig invisible optically, but on radio wavelengths it 
shows temperatures of billions of degrees. The enhancement of radio 
emission may continue for several days, and during periods of sun¬ 
spot activity noise storms occur once every live days on the average- 
If the sun were to behave in the visible spectrum as it does at radio 
wavelengths the world would have been burnt to a cinder long ago. 
One of the most spectacular phenomena is the noise outburst which 
occurs after a solar Hare. The flare is usually accompanied by an up¬ 
ward surge of hot gas which leaves the chromosphere with a velocity 
of about 100 km, per second and then falls back again into the sun + 
An intense radio source, associated with the surge, moves outward 
with a velocity of the order of 2,000 km. per second. Iliis movement 
has been followed in a number of surges with the rapid scanning in¬ 
terferometer and there is evidence that the radio source docs not fell 
back again but leaves the sun completely as a corpuscular stream of 
electrons and positive ions. As the stream forces its way through the 
ionized layers in the corona it is able to emit radiation of incr e as ing 
wavelength* Three receivers would therefore detect the noise one 
after the other as shown in the records of figure 3, After a time lapse 
of about 24 hours the corpuscular stream reaches the earth and excites 
the atmosphere to make it glow' with the beautiful colors and forms of 
the aurora. A portion of the sun has been presented with majestic 
pomp to the earth. 

RADIO STARS 

For many years the astronomer* with modest pride, has felt that he 
could count with certainty the number of bright stars in the sky* 
There are many, however, that he would have overlooked because 
they are invisible optically. Provisionally, these objects are called 
radio stars but it is certain that most of them are quite different from 
the stars of optical astronomy. The brightest radio star is in the con¬ 
stellation of Cassiopeia. It corresponds in position with one of the 
faintest nebulae that can be detected with the 200-inch telescope on 
lit. Falomar. The nebula was found only after repeated^ searching 
near the radio position and it would probably have remained unde¬ 
tected if the radio data had not been available. So far the nature of 
the object is a mystery. Spectroscopic evidence shows that it is an 
irregular cloud of gas with violent internal motions and high excita¬ 
tions, The object is known to be within our local galaxy but opinion 
is divided as to whether the gas is dispersing or condensing, possibly to 
form a new star. 

Cygnus A is the second brightest radio star* It corresponds to an 
object at a distance of 2 X IG Jl km., a distance so great that its Jight 
and radio waves take 2CM) million years to reach us. Ilonm sapiens was 
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certainly not in existence when the radio waves we receive now started 
on their journey. It is fortunate that the object was not at any greater 
distance for it would then have been beyond the limits of the visible 
universe as seen with the Palomar telescope. By careful photography 
the telescope shows that a remarkable catastrophe is taking place out 
there, I wo galaxies, two huge systems of stars and gas, are involved 
in a collision. Plate 2, figure 1, shows the galaxies in contact, but it 
is difficult to imagine that the spots and surrounding halo actually 
represent a cloud of stars some 3 X 10 ,T km, across. Collisions of 
this kind are extremely rare and we would probably have to see well 
beyond our present range before we found another face-to-face con¬ 
tact like that in Cygims A. The consequences of galactic collisions 
have already been studied. Remarkably enough, the stars in the 
system are hardly affected at all; interstellar distances are so great 
that the star systems can puss through each other with only minor 
perturbations. The gas between the stars, however, meets with great 
violence. Part of the kinetic energy of the collision is emitted as 
radio waves; indeed, the process is extremely efficient, about 5 percent 
of the energy being converted in this way. It seems that collision and 
violent motion in gas clouds arc an essential requirement for the for¬ 
mation of a radio source. Cassiopeia A contains gaseous filaments 
in i apid motion, Cygims A is formed by gas clouds in collision, and 
live shall see that other radio stars are associated with this condition. 
It has probably taken a million years or so for the galaxies to pas 
through each other. Bearing in mind the fact that light takes 200 
million years for the journey, we realize that the actual collision 
process must have been completed long ago and there will now be 
left two remarkable galaxies in space cleared of dust and gas while 
between them will be a hot gaseous nebula, far larger than any that 
wo encounter m the local galaxy. But these objects will not be visible 
to astronomers until a million years have passed. 

There is one radio star that was observed in A. D. 1054,12 years be¬ 
fore William the Conqueror landed in England. In this year a star 
in the constellation of Taurus, the Bull, exploded, leaving an object 
which we now cal! the Crab nebula. The sudden increase in bright¬ 
ness was seen by Chinese astronomers who faithfully noted the event 
in their records and stated that the new star was visible by dnv as 
well as by night. According to modern terminology- this was n 
supernova. Research shows that about once every- 500 years in our 
galaxy a star reaches an unstable point in its evolution’, whereupon 
the whole star explodes like a giant atomic bomb. The disintegration 
is complete and all that remains is an expanding ball of gas. Astrono¬ 
mer have checked the rate of expansion spectroscopically and also 
by taking photographs spaced many years apart. On extrapolating 
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hjick thcv ibid that the ball was a single point in the year 1054, thus 
identification. Whan the Crab nebula ia pbo^aP^ 
“th. red light of hydrogen, aa in plate 2, tjgnr, 2, we »£»»«£ 
mentarv structure and it is clear that the nebula is in a violent state 
of motion. The expansion of gas again acts as an efficient gone 
of radio waves, although the exact process is still obscure. Inter- 
to^r meUrementt show that the whole of the nsible nebula 
is transmitting, and the radio image fits almost ex act lyovcr te p ^ 
togrophic image. Another supernova was observed b> * ho *j™° 
asLmmer Tycho Bi*h4 in 1572, and this £ 

a radio star. The last supernova was recorded by Kepler 'n 1«ji 
that if the estimated mean rate of one supernova c\«ry ■-> . - - 

or so is correct, there is a high probability that ■ 
occur in our lima. This would present a unique opportunity for 
studying the entire process with all the superb eqmpraent avadable 

“’Strain Cassia, « .nd J«» r 

the ferv radio stars to have been pos.tirely 

c iralo'/ of over 1.000 radio stars was made and the astronomical 
SSfrf U of them to still unknown. Muhh nseareh nil lobvn 
onsiy be inquired before this mounting list of mysteries esn be solved. 

the milky way 

The origin,! observations ef Janeky in 12® "eren^.en to Milky 
Wav our local galaxy. Radio interference was found nhich seeim 
Z£ coming fX the galactic center. Surveys of the sty have sine 
been foTeat detail with wavelengths rangmg from a few 

centimeters up to many meters. The "ndnunon comnfcnm a H|g 
ellintical area which is aligned with the general direction of ti e aiimy 
W y oXlly there re dark obscuring rlouds or lanes of dust but 
thS doU apW on the radio maps because tlto 
through them Dark clouds obscure the center of the galaxj, v lii 

to p*L>1y .be most 

“ te“err.nd%rr.n .scan, tield for the 

f 'ltTs not known vet whether the general galactic noise is the com- 
bi^d SLaSS'niilltaB. of radio stars or whether H origin a « 
b the Sbetween the star, la. a fe- Y—, - 

its sasvsass: sis-, - 

“jsssass ssw-.SR* 

understood. Radiation 1ms been detected over a small w» eband at 51 
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f'm* Hus doission line is produced by the neutral hvdrogen atom. 
If the spina of the proton and electron are aligned in the same direc¬ 
tion there is a tendency for one of the spins to change. The proba¬ 
bility of the change is very Tow so that a hydrogen atom waits several 
million years before changing. At this time it emits 9.4X10-“ 
joules at a frequency of 1,420 me. Although this seems an insignifi¬ 
cant power output, the number of atoms in the direction of the an¬ 
tenna beam is usually sufficient to give a detectable signal. The signal 
strength gives a measure of the temperature and space density of 
the hydrogen, but, what is more important, the exact frequency of 
the emission gives the velocity in the line of sight. As in the case of 
sound waves and light waves, the observed frequency of a source is 
higher when it is approaching and lower when it is receding so that 
the velocity of the source can be found. By measuring the velocity 
of the hydrogen with respect to the sun the astronomer is able to go 
one step farther. The galaxy is rotating about its center and each 
star follows an orbit which is nearly circular. Stars on the edge of 
the galaxy travel more slowly than stars near the center. Hence a 
measure of velocity gives a measure of the distance of a hydrogen 
cloud from the galactic center and the position of hydrogen in space 
can be deduced- * 1 

Extensive surveys at 1,420 me. have been made. It is found that the 
neutral hydrogen is concentrated within the spiral arms of our galaxy, 
Bv means of the hydrogen emission these arms may be traced out far 
beyond the optical limit which is set by interstellar absorption. For 
the first time we can picture the sun ns it is set in one arm of a -rent 

spiral sy stomas si iowninfigure4. 

The hydrogen line has been detected in other galaxies besides our 
own, Ilecsntly emission was received from the great cluster of mi lax- 
ies in Coma Berenices at a frequency of 1,387 me. Thus the'radio 
signal is at a lower frequency, or reddened, by the velocity of re- 
cession of the cluster in the same way that the visible spectrum is 
fell tfted. Absorption by hydrogen has also been noted in the noise 
?.™ n * * e galaxies m Cygnus. Again there is a shift of 

the radio line which corresponds to the red shift observed optically. 

JUPITER 

It is scarcely a year since the radio signals from Jupiter were dis¬ 
covered, Many tape recordings have already been made which illus¬ 
trate the effects that this planet can produce. There are components 
of the hissing sound which are usually associated with the random 
motion of thermal electrons. It is unlikely that the noise is really 
thermal in origin because it is difficult to visualize how hi<di tem¬ 
peratures could be produced on Jupiter. The atmosphere's com- 
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posed of methane and ammonia and contains clouds at a temperature 
of —140° C., while the planet itself is presumed to be formed of solid 
ices again at a low temperature. Other noises that have been 
recognized are grinding sounds and rumbles. Wien analyzed in de¬ 
tail these sounds are apparently composed of a series of two or three 
pulses following one another in rapid succession. 
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Fasuu 4.—Spiral ttn.ctt.rt of the local salary. (Repriced by pension of G. W«w- 
hour tod M- Schmidt, Leiden, Holland,} 

By an ingenious method it has been found possible to locate the 
area which is generating the noise. The transmission is spasmodic, 
some days it is present, other days it is absent, but y o 
long periods of time the noise has been found to vary m STjchron 
with the rotation of the planet. This dehnes a Hrtm* hue, a 
line of Jovian longitude on which the source lire. The pianot s speed 
of rotation, ad given by observations of clouds in the atmosphere, 
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Tories between the Equator and the Poles, The Equator rotates 
once in 9 hours SO minutes 26 seconds, and the corresponding figure 
at the Pole is 9 I lours 55 minutes 24 seconds. By timing the variation 
of die signals the latitude of the source can be obtained. This is. of 
course, not a very csact determination, and the method is further 
complicated by the presence of more than one transmitting area. 
Despite these difficulties the main noise area has already been located 
It is dose to the famous red spot which has been observed in J uni¬ 
ters atmosphere since 1664. Surprisingly little is known about the 
spot from the optical observations. One hypothesis suggests that 
it is an island of solid ammonia or methane floating in the dense at- 
uiospliera, wlule at the other eitarone it is considered to be the product 
of an active volcano. Perhaps the radio observations will help us to 
determine the true nature of this disturbance. 

Radio observations have given indications that Jupiter may be 
surrounded by an ionosphere. The red-spot region does not produce 
signals at every position as it rotates. There appears to be an attenua- 

a i, the Sp0t a I , I >roac b«s the east or west limb and this 
lias been ^plumed by reflection effects m the ionosphere. The double 
and triple pulses forming the rumble are also explained in terms of 

A S%,iiai * ro “ 801116 distur bunre in tl, e atmosphere 
s revived by direct transmission to produce the first pulse, while the 
second pulse is the coho produced by the surface of Jupiter The 
third component is reflected from the ionosphere back to the surface 
before reach ing the receiver on the earth. 

RADAR ASTRONOMY 

We are not limited to passive reception of signals. Great advances 
were made during the Second World War in the detection of aircraft 

^| J bT S d 7 ^ OCS ‘ ^ tke Samt a % h -P®W transmitter 

1 ° f '” 1|SB -i" ^ "fleeted Oil 

Meteors are the nearest bodies of interest in astronomy, for although 
they spend many years circulating between the planets, they spend the 
ast second of their life in the atmosphere of the earth about 60 miles 
up The meteor particle collides with the atmosphere at Sltch a jEt 
velocity that it completely evaporates, producing heat light and 
ionization. By at,.lying tho ech«s froi/thc ri taK 

man!” 10 """ sul ' a J* 1 ' * 1 «lty of the meteor with fair precision 
11 ith three or more ratlnr stations one ean determine the diLtion of 
motion of ,"e meteor. Velocity and direction together defineTte o"b”t 
or hfo Imtorj- nod we can then trate hack its path among the plane 
Radar nbservations have show,, that meteors are wmbml of the Sir 
system and do not come from the space between the slam. IVe now 
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baHeva that meteor fragments are shed by a comet as the icy nucleus 
of the comet evaporates in the heat from the sun. 

Farther out from the earth we come to the moon, and radio echoes 
have been obtained from the moon by many experimenters. At a dis¬ 
tance of 200,000 miles, radar astronomers have to wait for a period of 
about 2 seconds before the echo returns. The echo is subjected to 
many effects on its journey to and from the moon and from the wav it 
has changed wo can learn many interesting things about the atmos¬ 
phere of the earth and the surface of the moon. The radio w ave form¬ 
ing the echo is formed, of course, from oscillatory electric and mag¬ 
netic fields which are at right angles to each other. When the electric 
field is parallel to the receiving dipole a maximum signal is produced. 
In this way the direction of the field can be determined. It is found 
that tlie field is rotated many times as the echo pulse travels to the 
moon and back. Most of die rotation occurs in the ionosphere of the 
earth, as it is proportional to the electron density of the transmitting 
medium and the strength of the magnetic field of the earth, is ro 
tat ion gives us in formation about the ionosphere at great heights a m e 
the earth's surface. 

As the radio pulse is reflected from the surface of the moon the 
mountain ranges and craters cause interference so that the echo power 
fluctuates. This effect is not unlike the glitter that is seen when light 
falls on a rough, shiny object. There are other things that cause the 
signal to fluctuate more rapidly than the interference from a rough 
surface, but the origin of these rapid variations is at present, unknown. 

Radar astronomy will probably never become as spectacular as 
radio astronomy. With pulse techniques we certainly are making our 
first venture out into space, and the radio pulse can certainly visit urn 
explore the moon even if mankind at present is limited to the earth. 
Rut we will require tremendously powerful transmitters if we are to 
bounce an echo off our neighboring planets such ns Venus and Mare 
To reach the nearest star is impossible: even if we did have sufficient- 
transmitter power we would have to wait eight whole years for the 
echo to return. The output of the natural transmitters of the cosmos 
is far greater than anv wc can make on the earth. Cygntis A, for 
example, on the edge of the visible universe, puts out a power which 
is more than a billion times greater than our man-made signals, bucli 
considerations help us to realize our insignificant position as earth- 
bound mortals, and impress upon us the grandeur of the natural 

^ni^erse. 













Jet Streams 1 


By K. Lee 

retell Service &/ Canada 
Department 0 / Transport 


[WUli one pint a] 

introduction 

On April 1,1954, three United States Navy F-9F lighters streaked 
n cross the. United States on a cross-country flight The lead plane 
of the trio unofficially broke the speed record with a flight time of 3 
hours and 45 minutes, assisted by tailwinds as high as 1T0 m. p. h. 
Spectacular as the flight was, an even more remarkable aspect of it 
remained unpublicizcd for, before the flight took off, Lieutenant 
Dickson, Navy meteorologist, estimated the flight time to be 3 hours 
and 41 minutes! The takeoff time and route were delibcrately 
p] tinned to take advantage of the jet stream high in, the upper tropo¬ 
sphere. About 15 yea is ago* tbo possibility of such a flight o, on It 
hare belonged to the realm of fancy,yet today such feats of planning 
frjid flying lire accepted as couimonplicfl by the mtiii 11} out 
modern jet aircraft. 

Let us look for a moment at the phenomenon which made this flight 
possible—the jet stream. In a sense, the accumulation of knowledge 
leading up to this successful forecast began as early as 1933, when 
V. Bjerknes, J. Bjerknes, H. Salberg, and T. Bergeron first gave 
evidence for the existence of jet streams in their classic textbook, 
“Phvsikalische Ilydrodynnmik* Eleven years later, in 1944, Pro¬ 
fessor Willett of the Massachusetts Institute of Technology published 
a paper showing a jet stream, but it was not until the closing phases 
of World War II in the Pacific that its practical importance be¬ 
came widely recognized. As the scene of operations in the Pacific 
Theater shifted northward in 1944 and 1945, United States high- 
altitude bombers began to report westerly winds of up to "nots 


1 Reprinted by permission from The Roundel, Royal CamitUao AJ* Totat, 
Victoria. Ottawa, Canada. 
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over Japan, The air speeds nt that time were such that a high-level 
bombing run from east to west under such conditions meant, that 
an aircraft would present a stationary target for the antiaircraft 
batteries below. Here, then, was a meteorological phenomenon whose 
military significance could not be ignored. 

The impact of this discovery on the meteorological world left little 
time for serious reflection on the nature of these strong, high-level 
air currents, which were later to be named “jet streams. 11 Many 
questions remained unanswered. For instance, where are jet streams 
found? What is their structure? How do they behave? To an¬ 
swer these and other questions, the Office of Xaval Research of the 
United States Navy sponsored a general atmospheric circulation 
project at the University of Chicago in 1H46. Dr. C.-G. Rossby, one 
of the world's leading meteorologists, was called upon to direct the 
project. His colleagues were Pul men, Rielil, and many other out¬ 
standing meteorologists. Since then, research activities related to 
jet streams have spread to all parts of the world. 

For a jjeriod of time, attention was focused on meteorological 
analyses of upper winds and temperatures obtained by radiosondes, 
which consist of meteorological instruments coupled with a small 
transmitter carried aloft by hydrogen- or helium-filled balloons. 
Winds were obtained by tracking the balloons with radar equipment. 
Out of these studies emerged a fairly complete large-scale picture of 
jet streams which has remained substantially unchanged in the light of 
subsequent research. In more recent years, research has been directed 
to the finer details of the wind field. A large part of jet-stream re¬ 
search is still being conducted by the United States Navy, Bureau 
of Aeronautics Project AROWA (Applied Research Operational 
Weather Analysis), at various locations in the United States and 
other regions of the world. Also actively engaged in this field is the 
Geophysics Research Directorate, Air Force Cambridge Research Cen¬ 
ter, which is sponsoring Project Jet Stream. The main task is to 
determine precisely the horizontal and vertical distribution of wind in 
jet streams in a large number of cases. For tins purpose, specially 
instrumented aircraft are flown through jet stream?, taking contin¬ 
uous observations whose analyses will yield details unobtainable in 
any other way . 

STRUCTURE OK THE JET STREAM 

As a result of the intensive preliminary studies at the University 
of Chicago and other institutions throughout the world, a relatively 
clear picture of the jet stream began to emerge. It was found that 
jet streams are worldwide features of the atmosphere. That is, they 
are essentially high-speed rivers of air that encircle the earth in the 
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J, Schaefer, of tie Mtuiitilp Foundation, Int.J 
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middle latitudes of each hemisphere. Air motion is generally from 
west to east; however, on any individual day, a jet stream may follow 
a meandering course that dips in some regions into the Tropics and 
extends north of the Arctic Circle in others. A schematic diagram 
showing a single jet stream is presented in figure 1. 1 he heavy con¬ 
tinuous line defines the axis of the jet stream along which the wind 
speed attains its maximum values in the horizontal. One can usual!} 
find the axis of a jet stream encircling the globe on any given occasion. 

Figure 2 shows a view of a jet stream as seen by an observer look¬ 
ing downstream from a point along the axis. The numbers along the 
bottom of the diagram are the International Station Numbers which 
identify five stations in Alaska and one m the Yukon, lying approxi¬ 
mately in a line oriented from northwest to southMt. From HjJ* 
to left, they are named, respectively, Ivoty.ebu (13*), McGm I -- K 
Fairbanks (261), Big Delta (263), North way (201), and Ylidohon* 
(064). The distance between Kotzebu and Tthitdiorsm is i.*o nan 
ticid miles. The ordinate is pressure in millibars (mb.) P^j-ted on 
a logarithmic scale; 500 mb. corresponds very nearly to 18,w ■' leet ’ 
200 mb. to 39,000 feet, and 100 mb. to 53,000 feet. Lines of equal 
wind siiecd in knots, called isotachs, are used to portray the wind field. 
Thus, within the central closed isotaeh around the mum ]etax s, 
labeled J, above 400 mb., the wind speed is in excess of 0 .°J™ _ 

If we consider the horizontal width of that band ol w .nds - 
cm of a given value, say 80 knots, we would find it to be surprising!;, 
narrow—of the order of 100 miles in this example, but generally about 
300 nautical miles. The vertical depth of the winds ««*£*«» 
knots in figure 2 is less than 2 miles. A comparison of the horizontal 
width of this jet core with the depth would lead us to the conclusion 
that the jet stream can be represented fairly accurately m shape > 
a flat ribbon parallel to the earth’s surface. Other features on the 
cress section are the tropopause, indicated by the djscontiimous leay 
line around the S 00 - 400 -mb. levels, and the continental arctic fronfe 
surface separating the relatively warm maritime arctic air wux on the 
right of the diagram from the cold continental arctic air to its left. 
The broken lines are isotherms labeled in degrees Centigra e. 

RELATIONSHIP BETWEEN JET streams AND front. 

This particular cress section is typical of the northernmost jet 
«« Id. hex been eitcoimtewd hr E. CL A. V. «*«. ™T o *““ 
in the past. Further studies of jet streams have revealed that on the 
average, four main tropospheric jet streams are P^ 5611 * 
Awerid durinc tho winter month* Except for the 

subtropical iet irean. which usually •»»»» ^ 

and Cuba, each of the other three a elosely assoetated with one of 
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Fwua* I. Typical pith of Llio polar jut meant in the Northern Hemiiphcw. 
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FlGL'Hir 2.—view of edafinenHUrctie jet *ue*m Hen bhn, Z 

and Lee, 1954). Lower oUm b^ identify Ab>k» Yukon ««*»■ 

pasture in rub. Solid line* m iietieb* in l»0«- Broken Lw >* h*ta™ .= C, 
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the three main frontal surfaces over North America in winter. These 
three frontal surfaces are respectively called the polar front, the mari- 
time arctic front, and the continental arctic front, found in this order 
from south to north. The polar and maritime arctic jet streams have 
structures very similar to the continental arctic jet stream in figure 2. 
There is one fundamental difference between them, namely, the 
height of minimum wind speed is found at higher altitudes as one 
proceeds southward. For instance, the axis of the continental arctic 
jet stream is normally found between 25 and 30 thousand feet, the 
maritime arctic jet stream between 32 and 36 thousand feet, and the 
polar front jet stream between 35 and 40 thousand feet. These jet 
streams are also found over Japan in winter. Thus we can see why 
the strong winds were not encountered by the high-altitude bombers 
of the Second World War until the scene of operations moved suffi¬ 
ciently far north in the western Pacific. 

Another notable fact about the three northernmost jet streams is 
that the axis of each jet stream is always found in the warn air above 
its respective frontal surface and most often above the 500-mb (IS 000 
feet, very nearly) position of the front. This relationship has imme¬ 
diate value to the meteorologist, for, by means of it, he is able to 
estimate the location of a high-level jet stream from temperature data 
at the relatively low level of 500 mb., even in the absence of high-level 
wind observations. Furthermore, knowing which front he is deal inn 1 
with, he can provide a reasonable estimate of the height of the axk 
On a other feature brought out by extensive cross-section studies is 
that the strongest winds at any level below the axis are invariably 
found m the warmer air. 


JET STREAM WINDS 

The wind speeds in the jet-stream cross section shown in figure 2 
2 " ^ J com P ared "Mi those found at lower lati- 

2* 22 th ° !irctic ^ polar jet streams consistently 

° n !lny giVea 0CCask>n - ln the strongest 
f u!T d fT ° r mor ® iet streani8 oiove Closely to one 
J®2J . AUh ° Ugh thlS 0CCur an y where : preferred locations 

r such intense jet streams are the eastern coastlines of the Asian 
and berth American Continents. 

t- * igiiest J lriad Speed3 ,ifeel * V to ^ found in ft streams? 
In the past, wind-speed measurements as high as 400 knots have fre¬ 
quently been reported in weather messages. However, when the oritr- 
imi] ^rv’il’ons which are obtained by balloon-ticking methods 
are carefully checked, they are invariably found to be in error For 

VTT ff^ot ^ < ’ rcr rhfadelphia lata m January 
1 55 checked mid found to ho incorrect on account of instrumental 
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difficulties, The revised estimate of the maximum wind was around 
270 knots. Recently ft number of accurate wind measurements Imre 
been made by aircraft flying across selected jet streams. The highest 
reliable measurement made by this method up to November 1055 is 
290 knots. However, it must be stressed that this figure does not 
necessarily belie the accuracy of winds reported by other aircraft 
not similarly equipped, A case in point is the encounter by a Comet 


of a 350-knot wind over Tokyo. 

Another significant feature of jet streams is brought out by the ver¬ 
tical cross section in figure 2-the asymmetry of the wind distribu¬ 
tion about the axis. The speeds decrease more slowly with distance 
on ihs right si tie of the axis than on the left side, facing doirnstrejiiii. 
Thus, ft pilot wishing to maintain strong tailwinds would find it 
advantageous to stay to the right of the jet-stream as is, where ft 
slight shift in location relative to it will produce little change in the 
tailwind component, A corresponding shift on the left side of the 
axis will result in a considerably larger decrease in the tailwind. 
Now, ob the right side of the jet stream, the wind can drop oil at a 
rate as high as 35 knots per hundred nautical miles. On the left 
side, however, there can be ft much greater rate of decrease m wind 
speed with distance; actual measurements have shown rates os high 

as 100 knots per hundred nautical miles. . 

It is also important to kno^v the wind-speed variations m t ie rer- 
tical, or vertical wind shear. Above and below the jet axis, the wind 
speed decreases at an average rate of 10 to 15 knots per ee ’ 

Extreme values of the vertical wind shear have been found to >e <' s 
high as 30 to 35 knots per 1,000 feet by B-17 flights. Generally 
speaking, it is only necessary to fly at right angles to the wind for 
a short distance at the same height, simultaneously taking frequent 
observations of air temperature, to find whether one is above or below 
tlie axis. If the temperature changes very little, one will know the 
flight level is near the level of maximum wind speed. If the temper¬ 
ature increases while flying to the left of the w ind, one can conr.m e 
that the flight level is above the level of maximum wind, Finally, !! 
the temperature decreases while flying to the left, the fbght T” . 
be below the level of maximum wind. This association of the ver ica 
wind shear with the horizontal temperature field is know n to meteor¬ 
ologists as the “thermal-wind relationship/ 1 It- has been oxploi c 
bv manv commercial airline pilots to locate big i ' Ulll j 011 
flights across the Atlantic and Pacific Oceans. By way 
Capt. Bernard C. Frost of B. O. A. C., in fly mg the >orth At ant c 
routes between 15,000 and 35,000 fret, found that the outside air 
thermometer was a very valuable guide to the lotion of £*» 
winds. Once in a strong wind at a certain altitude, he f outu ia ie 
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strong wind could be maintained by flying along the same isotherm. 
He further states: 

An amazingly accurate guide for calculation of wind strength on either side 
of the Jet stream iwithin attitude limits normally down; Tli, 15,000-25,000 ft j 
whs that the wind decreased nitjae S tn»U for every degree Centigrade drop in 
temperature on the polar {or cold) side; and it dcerem^d some IS knots for 
every degree Centigrade rise on the equatorial (or warm) side. 

K. E. Davis, writing in the September 1054 issue of the Meteorolog 
ical Magazine, described a successful trans-Atlantic crossing in a 
]et stream by a B. O. A, C. Stratacmwer, under Cnpt. L. Y. Messen¬ 
ger and Navigating Officer M. H. Sutclili, on August 2~3, 1053. By 
the judicious use of their outside air thermometer, they were able to 
locate and fly for three hours (about 1,000 miles) in the strong winds 
be ow a jet stream. The penetration of the jet stream from the cold 
side was indicated by a sudden rise in nir temperature. 

Therefore, to maintain strong tailwinds when flying below the jet 
axis, one should endeavor to stay in the warm air. Above the jet 
stream, one should try to stay in the colder air to the right of the 
jet axis. In a similar manner, the temperature field can be used to 
detect and maintain a track along which the headwinds will be more 
favorable, if one is flying into the wind. 

Research flights across jet streams have revealed some interesting 
details of tire wind field in the vicinity of their axes. The results of 
several such flights under project AROWA have recently been pub- 
Its lied. They have shown that the wind speed is rather variable with¬ 
in a jet-stream core. Winds have also been found to vary consider¬ 
ably with time at a fixed point. For instance, L*t. Col. R. C, Bund- 
gaurd, L, S. A. F,, reported that the wind speed changed from 120 
'Slots to GO knots, and again to 120 knots, within 4 hours at 34,000 
otwDaylo", Ohio on March 5,11154. On another occasion, fire 
H-4‘ s observed a wind change from 200 to 72 knots at 40,000 feet 
ove r Alabama during a 3-hour period on April 14,1D53. Such varia¬ 
tions are impossible to forecast at the present state of knowledge. It 
is hoped that further research into the mechanics of air motion will 
provide answers in the future. 

CLOUD FORMS OF THE JET STREAM 

th ° WOr V f Dl ' vincent J - Schaefer, of the Munitalp 
foundation, Inc,, and many military as well as commercial pilot^ 
ere has now been gathered considerable information on cloud forms 
associated with jet streams. This knowledgeean be used as an auvili- 
ary tool to locate jet streams. 

Dr. Schafer has found four main cloud types associated with jet 
streams. They are cirrus, cirrocimuiltts, lenticular altocumulus, and 
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altocumulus, extending from horizon to horizon, and having naves 
at right angles to the air flow. From the ground, these clouds can 
be observed to move at great speeds, often resulting in rapid local 
changes in cloud cover during short intervals of time. Plate 1 shows 
three of Dr, Schaefer's remarkable photographs of typical jet-stream 
clouds as observed from the ground. 1 

Aloft, cloud formations at various levels can often give indications 
of the wind direction. Under conditions of high winds, an upper 
cloud surface will show streaks in the direction of the wind and a 
billow structure at right angles to these streaks, in a manner analogous 
to wind lanes on a sea surface with a superimposed transverse wave 


pattern. 


CLEAR-AIR TURBULENCE 


It was once thought that aviation hazards, such as icing and tur¬ 
bulence, were con fined to the lower troposphere, and that, on< e airci .ift 
could fly ‘‘above the weather,” all problems of flight comfort would be 
solved/ This myth exploded when high-altitude aircraft encountered 
turbulence as violent as that encountered at low levels. The bumpi¬ 
ness, or turbulence, is described by those who have experienced it to e 
like tbs pounding of a fast speedboat racing across a ver\ ehoppj 
sea surface. Since there is no visual warning, it has been ca ei 

clear-air turbulence. , . 

In order to ascertain the nature of this phenomenon, many special 
research flights havs been carried out over the British Js\£s f Europe* 
and the United States. Through the kind cooperation of R. C. A. *. 
personnel, the Meteorological Service of Canada has also acqmredand 
studied numerous turbulence reports. The conclusions reaehet y 
various investigators are largely in sigreamcnt, but there are a so 
contradictions which will only be resolved by further researc . 

Clear-ajr turbulence can occur at any level of the atmosphere flown 
thus far. It is generally found in isolated patches 50 to 100 miies in 
length and width. These patches consist of one or more layers, the 
vertical thicknesses of which are generally not great, being of the order 
of 500 to 3,000 feet. On occasion, thicknesses of 0,000 feet or more 
have been reported. Because clear-air turbulence occurs m layers, a 
satisfactory method of moving out of turbulent air js to change alti¬ 
tude by 1,500 to 2,000 feet. _ 

Clear-air turbulence has been found to occur m the vicinity of jet 
streams where the wind speed varies greatly with distance m the 
horizontal or vertical. Thus, the regions above, below, and to t!ic lett 
of the jet axis, facing downstream, are the preferred locations of tur- 


■Tb* writer wishes to express his gratitude to Dr. Scbae*r for permission to 
public tbesu photographs here. 
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bulence. The air in the core of the jet stream and to its right is smooth 
by comparison. If an aircraft is flying parallel to a jet stream, an 
attempt should be made to fly on the right side of the jet axis, because 
not oiil} would there bo a smaller chance of encountering turbulence, 
but also there would be the added advantage of maintaining strong 
tailwinds. * 


The frequency of various intensities of turbulence has been studied 
by J. Clodman, of the Meteorological Division. Analysis of more 
than 500 reports of aircraft turbulence over a height range of 18,000 
to 15,000 feet revealed the following results. For three stations where 
reports of nonoccurrences were also made, about a quarter of all flights 
encountered turbulence. Fifty-two percent of these occurrences were 
classed as light, 25 percent as moderate, 5 percent as heavy, and 3 per* 
cent as severe. The remainder were classified as light to moderate or 
moderate to heavy. Ifcnce the majority of these occurrences were in 
the light or moderate range. The few cases of moderate and heavy 
turbulence occurred in layers not greater than 3,500 feet in depth, in 
agreement with the results obtained in Britain. 

A comparison of the frequency of turbulence reports at each level 
With the frequency of time flown at each level showed that they were 
almost identical, from which it is inferred that the probability of en¬ 
countering turbulence ut any level from 18,000 to 45,000 feet is 
(ipprosimutely the same. 


A study of turbulence reports collected on Canberra test flights over 
Britain was described by Eric Hyde, test pilot of Short Bros, and 
Hurland Ltd., of Belfast, in the April 195# issue of “Flight.” The 
general conclusions are similar to those reached elsewhere. However 
they do report that the intensity of turbulence decreased with incrcas-’ 
mg height. For example, all cases of severe and violent turbulence 
wereencountered below 30,000 feet, the area most affected being around 

*? 20,00 1 ° f<?et The ,li & hest ^corded altitude of turbulence was 
4J/M0 feet, where only light turbulence was felt. Only rarely was 
turbulence encountered above the trepopnuse, and it was never greater 
than moderate. In contrast to experience elsewhere, there were many 
flights through well-documented jet streams which yielded no trace 
of turbulence at all. 


Pollen and Spores and Their Use 
in Geology 1 


By EstelU B + Leopold and Richard A * Scott 

(/ Fitted Sffllra CcflffliTCfli Surety, D^pcf, CrJff* 


INTRODUCTION 

The widespread ficrial distribution of plant spores find pollen is 
mado obvious each year by the symptoms of the many hay fever suf¬ 
ferers—the pollen count has become as fa mi liar a daily statistic^ as 
the relative humidity. Less obvious Is the fact that the circulating 
spores and pollen inevitably must settle out of the air, thus be¬ 
coming a part of the continuing accumulation of sediments at the 
earth’s surface. This incorporation of the rain of pollen and/or spores 
apparently has gone on throughout geologic time since the evolution 
of spore-bearing plants, although appreciation and utilization of 
this fact are relatively recent developments in paleontology. 

In the past 25 years there has been increasing use of these plant mi- 
crofossils in solving scientific problems ranging from the recon¬ 
struction of the forest environment of prehistoric man to the coi rela¬ 
tion of Paleozoic coal seams. They arc especially valuable in de¬ 
termining the changes in climate associated with advances and re¬ 
treats of the Pleistocene ice. The study of pollen and spores, formally 
called pdtymlom is yielding information increasingly useful in 
dating sequences of sedimentary rocks and in interpreting past cn- 
vironmental conditions and climatic successions. 

Pollen grains arc small (5-200 microns in diameter) reproductive 
structures representing the male gametophyte in the seed plants. 
Their transfer to the female reproductive apparatus, a necessary 
preliminary to fertilization, is effected primarily by wind, wateT, or 
by insects. Pollination by wind is necessarily an inefficient process 
involving a vast supply of pollen grains; some wind-pollinated plants 
have as many as 10,000 grains per stamen in flowers with many 
stamens, and more than 10 million grains may be produced by a 

1 Publication authorized by the Director,, ft. Geological Survey. 
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single catkin (e. g,, bircli ; Erdlman, 1954), Only minute proportions 
of this quantity of pollen grains complete their role in tie repro¬ 
ductive cycle of the plant, the excess being the primary source of the 
pollen rain incorporated into the sedimentary record. Most plants 
adapted to pollination by insects produce fewer pollen grains per 
flower, although some insect-pollinated plants produce enough pollen 
to be represented regularly in the pollen rain. 

Spores, produced by so-called lower plants ranging from the fungi 
through the ferns, lycopsids (club mosses), and sphenopsids (horse¬ 
tails), may represent different aspects of the life cycle in different 
groups but have in common their function as a means of dispersal. 
Some species among the ferns, lycopsids, and sphenopsids are hetero- 
sporons, producing two kinds of spores differing in function, struc¬ 
ture, and usually in size. The female or inegaspores arc typically 
large, ranging from about 150 to several hundred microns in max¬ 
imum dimension; the male or microsporcs are usually smaller, from 
about 25 to 100 microns in their maximum dimension, and are 
produced in far greater numbers than mega spores. However, 
sex, not size, is the fundamental difference between inegaspores and 
microspores. 


Megaspores are usually less abundant and less widely disseminated 
than tnicrospores. Although they have been described from younger 
beds (Dijkstra, 1951), megaspores are most important as micro- 
fossils in the Paleozoic. They were produced in numbers by arbores¬ 
cent lyxopsid and sphenopsid plants that were important components 
in the vegetation forming the Carboniferous coals. 

The persistence of pollen and spores in numbers in sedimentary 
recks of diverse geological ages is due to the remarkable resistance 
of their walls to most degradative processes. The walls of pollen 
grains and spores arc composed of a waxlike compound, a chemically 
undefined polymer of stable, long-chain molecules. This compound 
one of the most enduring organic substances found in nature, is 
resistant to acidic or basic solutions. It is, however, susceptible to 
oxidation resulting from prolonged exposure to air; consequent!v, 
pollen and spores are best preserved when deposited in relatively 
ana erobic en v i ronm e n ts. 

The wall of a modern pollen grain is complex structurally, usually 
consisting of an outer, 2-layered esttTte and an inner inline. Post¬ 
mortem changes result m the degradation of both the contents of the 
pollen grain and its mtine, so that only the exine remains in fossil 
material. Modem pollen grains can be treated chemically to leave 
only the exine for comparison with fossil pollen. 

A great diversity of shapes and morphological features is found 
among the pollen and spores produced by the many kinds of plants. 


POLLED AKD SPORES—LEOPOLD AND SCOTT 


305 


Although the grains of certain unrelated plants are similar enough to 
be virtually indistinguishable, this situation is not common enough 
to be a major problem. Pollen grains of the flowering plants are in 
general radially or bilaterally symmetrical, although a few asymmetri¬ 
cal forms are known. Many pollen grains are basically spheroidal, 
but modification into various other geometric shapes is common, and 
flattening as a result of compression is usual in fossil material. The 
appearance of a single pollen grain may vary depending upon whether 
it is seen in polar or in equatorial view. The appearance of many 
pollen grains reflects tlie presence of pores and/or furrows (ctf/jEw), 
which may function as exits for the pollen tube at germination of the 
grain. Various combinations of these apertures occur; three to many 
furrows and/or pores are common in pollen of dicotyledonous plants, 
and one-f arrowed grains occur frequently in monocotyledonous and 
gymncspermous plants* Pollen grains of other gymnospermoua (co¬ 
niferous) plants hare elaborate bladders or wings. Some basic 
structural features of typical pollen grains arc illustrated in figure 1. 

Spores of mosses and ferns commonly bear a trirndiato tetrad scar, 
representing the lines of contact of the four spores produced as a 
result of the two successive divisions of the spore mother cell. Most 
pollen grains arc also produced in tetrads, but with the exception of 
a few extinct gymuosperms, do not retain the triradiate scar. Spores 
with a single scar (mcnolete) and without a scar (alefe) also occur* 
Some examples of the basic shapes of modern spores are shown at the 
top of figure 1, 

The tremendous variety in wall texture, shape, and configuration 
provides a reliable basis for the categorization of many isolated spores 
and pollen grains, either in terms of their natural affinities or into 
morphological types. Both approaches are utilized by palynologists* 
Natural affinities must be determined for the interpretation of pn~ 
leoeeologleal and flori&tic information, though stratigraphic correla¬ 
tions can be carried out by the matching of morphological types with 
little regard for their relationships to the parent plants. 

DISPERSAL OF POLLEN AND SPORES 

Basic to interpretation of a fossil pollen assemblage is an under- 
etanding of the factors affecting the original representation of spores 
and pollen at the locality. This representation is determined by a 
complex of factors, including the proportion of wind- and insect- 
pollinated plants in the contributing vegetation, the total polkn 
production of individual plants and their relative abundance in the 
contributing vegetation, and the meteorological and other conditions 
affecting distance of transport. 

Spores of ferns and mosses are disseminated by wind or water, 
but pollen is distributed either by the wind, water, insects, or oc- 
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casionally by birds or other agents. The mechanisms of dispersal 
have been important in the evolution of the number and type of pollen 
grains produced by each plant species. Because wind is a random 
agent in comparison with insects, whose travels about the plant 
usually are motivated, production of enormous numbers of pollen 
grains has definite survival value among wind-pollinated plants. In 
addition to being produced in greater numbers per flower, pollen 

POLLEN PRODUCTION SPEED OF FALL 

UM gHATflS KH FLOWt* C¥/SEC 

* a PM A*w —'*** *- — " - f r—-" 




4 **U. JMW smmKSwfcA.Pesf, (Tt> 

Ficvhe 2 .—The approximate oumben of pollen grain* predwed por flower, »nd the buoy 
*aey of *b«f* swn* (mewW by n»« of fill in for *«* common pLnt*. 


adapted for wind dispersal is usually lighter and less stieky than 
that adapted for transport by insects. A quantitative oomm 
of pollen production for some common wind- and insect-pollinated 
plants, and specific gravity of grains as measured by rates of fall in 
air, is shown in figure 2. Some insect-pollinated plants do produce 
a large amount of pollen (e, g., willow), and some pollen adapted for 
transport by insects is carried by air currents and depositee i» en ‘ 
vironmants favorable for its preservation. Nevertheless, the differ- 
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cnees in number and buoyancy usually result in an exaggerated rep¬ 
resentation of the wmd-poIIinated types in the pollen ra?n in relatton 

tatinn * CW* 1 \ mportanc * of the P arGI ‘t plants in the source vege- 
tation Conversely, insect- and bird-pollinated species, which are 

m-iv n^hl' “T Jl taiU ia 5® arbt)ttfil! fetation of tropical regions, 
may not be well represented in the sediment*!? record, 

th 10 c!j&,lincc ® to ' vl “ cb pol^n grains may travel vary widely with 
the nature of the grains, location of the source plants and weatl r 
conditions, lor example, light grains tend to travel farther than 

produced by plants forming the forest canopy 
^ more favoraMy situated for long-distance dorsal than pollen 
oiTjpnatmg m the undercover. Anther? typically open during dry 

3E r$SJ5 *™“' ™ jrk '"« nt «°»2> «£ 

polhn to altitudes favoring extended transport. Mixing of pollen 
grams in the ai r produces a more or less representative eamJde of 
the regional vegetation. The fall of pollen f TOJI] thc nir k h J£Lj 

i/ ^ is* T’ in ?- re, * ti ™ 

“ *■, *-£ - ^ P x:;’x; f KXt 

SS i^T wT r ^ 5010 100 (VMgri 

; 1M0 >‘ , ^-distance transport of single grains for 

1( , rl . l as mu<dl 113 kilometers is on record {Erdtman 

liah > b / ‘ eSC r,ir6 ° WOTmiCe3 do not appreciably a (fit the re- 
1 lability of a mass sample of pollen. I n “nerei, hoZT the Z 

currence of fossil pollen is a less reliable indication that a particular 

£J ^ ihm is ~ -sss: 

™*f" ^mperate zone it has been shown that the density of 
pollen in the am is greatest over the continents and falls off rapkllv 

tteX™ScM' ? rdt, " a i (1 ” 54) dtea “““"P 1 * to whtoh 
w Jtft! ” a,r 0nr ' '°" stal P h “ of eastern Sweden 

.to0MmnLwTr,,n ,n w ,h!in ™>“« present m the 

air tsuO miles west of the European coast at tho same latitude 

eusitv o pollen in the air in an inland mountainous area in Norway 

has bean investigated by FMgri (Faegri and IveranMint Zll 

reports that the tree pollen fallout at collecting stations in the 

hvd^T ^ was !8 times greater than the fallout received 
by stations at and above timber]itie ( fig. 3). 

Factors Affecting the relationship of the pollen rain re tlw> M . 
vegetation hare been listed by Knyl et nl. P ( iDSBl' JfJf" 
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deposition. Transportation by rivers, as well as by wind, may be re¬ 
sponsible for the intermingling of pollen derived from entirely dis¬ 
tinct ecological assemblages* 

The interplay of these factors lias been illustrated by a study of 
the modern pollen fallout at Eagle Lake in northern Maine (Hyland 
et ah, 1953 ). The aerial polka fallout in 1G50 was measured by 
counting the numbers of different pollen and spore types falling on 
4 “sticky slide” exposed for daily intervals during the growing season 

(fig- *)♦ 


17 * 



The results show first that pollen rain is actually a series of fall¬ 
outs that occur during the blooming periods of different local plant 
typesj the trees release pollen in the spring, and grass pollen* weed 
pollen, and fungal spores appear during middle and late summer. 
Coniferous trees numerous in the local forests (pine, spruce, and 
cedar) contribute heavily to the total yearly average, but oak and 
elm, rare types in the local stands, are poorly represented in the 
pollen rain at this site. 

All the spore and pollen types shown in figure 4 are wind trans- 
ported except maple and willow, which grow in profusion on nearby 
ridges. These are rather meagerly represented in the yearly average 
pollen rain in comparison with their density in the vegetation at the 
immediate site. Insect-pollinated plants including maple and willow 
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and those in the unknown category (not shown) represent a total 
of only 10 percent of the 1050 pollen rain. 

From studies of this type it can be seen that the pollen rain of an 
area reflects the local vegetation only in a general way, and that the 
representation of wind-pollinated species is better than that of in¬ 
sect-pollinated species. The amount of total pollen rain may vary 
from year to vear depending on fluctuations in weather affecting 
blooming and pollen dispersal, but during a 10-yeav period the per¬ 
cent composition of the total sample remains somewhat similar for 
a given station. 

FACTORS IN DEPOSITION 

Although the aerial pollen rain settles out at random as a fine 
dust on land and water, pollen does not persist in numbers at or near 
the soil surface owing to prolonged exposure to oxygen and to alter¬ 
nate wet and drv conditions. Water kid sediments that remain wet 
for long periods of time and that are relatively deficient in oxygen 
provide the conditions under which pollen is best preserved.. Many 
lakes and quiet lagoons have a low dissolved-oxygen content in their 
deep-water layers and particularly at and below the mud-water inter¬ 
face (Valientyne, 1957); consequently, these environments, along 
with acid peat bogs, furnish extensive areas for the accumulation of 

pollen. 4 

Because the pollen rain is progressively less in the seaward direc¬ 
tion, sedimentary environments in which pollen concentrations can 
be found are limited to near shore sites in marine and lacustrine 
waters. Pollen and spores from modern marine sediments are often 
associated with microalgne, diatoms, and other forms of oceanic 
plankton; conversely, assemblages from fresh-water sediments often 
include typically fresh-water microorganisms. Evidence of this sort 
provides the paleontologist with a way to recognize the environment 
of deposition of a fossil sample. 

Pollen and spores are of silt size and are readily eroded with the 
sediment in which they are imbedded. Modem fluvial erosion of 
Tertiary pollen-bearing rocks, followed by transport and deposition 
of the Tertiary pollen in a modem stream termce, is not uncommon. 
The situation can be recognized from tho resulting mixture of extinct 
or ecologically displaced pollen types with a modern assemblage* 

Redeposition of pollen has been observed in sediments originating 
during periods of rapid erosion by glacial meltwater streams drain¬ 
ing ice masses that eroded older, pollen -bearing beds (Iverson, 1936). 
Redeposited pollen does not seem to bo important in most highly 
organic sediments such as peats, coals, and black muds, but the pal) - 
nologist must be constantly on the alert for it. 

43180Q—SB-21 
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The quantity of pollen and spores in a sediment sample is deter¬ 
mined by the relationship between the density of the pollen rain and 
the rate of accumulation of the sediment. Maximum concentrations 
of pollen are produced by dense pollen rains in combination with 
slow deposition of sediment. Original low density of pollen in a 
deposit can result from either a light pollen rain or from dilution of 
a heavy peJkn rain by rapidly accumulating sediments. Examples 
of these relations are shown diagrammatically in figure S, Bars in 
the lower part of the figure show the probable rate of annual sedi¬ 
ment accumulation; those in the upper part form a record on a W 

ofsedb^t 0 ° f fhe lmmber of poiIen ^ rains P e >* gram (dry weight) 

Rich in pollen are samples of lake peat and lake clay from Durham, 
Conn (on right, fig. 5). It has been determined by carbon-14 dating 
that these sediments were deposited very slowly, perhaps at the rate 
of only one millimeter per year. The rich pollen flora contained in 
these sediments indicates that at the time of deposition well-developed 
coniferous forests grew near the lake. In all probability the annual 
prilcn ram was like that of coniferous forests now growing in central 
-New England, perhaps 70,000 grains per square centimeter per year 
A sample of yarved (laminated) glacial clay from Hartford, Conn 
poor in pollen (hg- 4), is laminated in a manner that indicates rapid 
sedimentation. Tho varves, which are 10 millimeters apart mav nirk 
increments of sediment that accumulated annually or oftener Al¬ 
though the pollen rain may have been less than the* present fallout at 
that s,^ thf low pollen content in this sediment Jins to harebLn 
due primarily to dilution of the pollen by rapid sedimentation 
The most sterile sediment among these examples is a modem k- 
f*’* ,m,d from ^pingnmarangt Atoll in the South Pacific This 
sample, a ong with 10 others from different depths, contains ^ or 
ver pollen grams per gram of sediment (McKee et ah, MS ) The 
o al knd area of the atoll islands that surround this lagoon'is Ss 
than one square mile, and does not support sufficient venation to 
furnish large quantities of pollen locally. | n spite of the slow rate 

MS™ TT ™ at thCSe Eum P Iin ff stations (McKee et al 

" eii™ 1 r '"’‘ inS W °" n * lhs 'MM numbm^ 

POLI^N- AND SPOHE-fl EARING ROCKS AND THEIR LABORATORY 

TREATMENT 

Unweathered sediments originating in reducing environments are 
most apt to contain pollen; these include marine and fash-water 
shales, limestones, s,Its,ones, coals, peats, and lignites. High organic 
content, usually manifested by dark color, is often an indication of 
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the presence of pollen and sports. Sandstones are usually barren, but 
the absence of pollen from many coarse, aquatic sediments is thought 
to be a derived condition. Modem lake sands that have been con¬ 
tinuously wet since deposition often contain an abundance of well- 
preserved pollen and spores, but lacustrine sandstones that have been 
elevated and partially eroded usually contain none. Sediments having 
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o grain size coarser than that of fine sand facilitate the penetration of 

oxygen and percolation of ground water to an extent destructive to 
spores and pollen. 

Sedimentary rocks altered by the heat and pressure of metamorphism 
or by extensive weathering and exposure are usually sterile, although 
ley may once have contained pollen. Original stcrilitv may be the 
case in deep-water deposits which were laid down too far from land to 
receive an appreciable pollen rain. 

The preparation of fossil pollen requires the facilities of a chemical 
a ora ory equipped with a fume hood, centrifuge, miscellaneous 
J 2 a " d a microscope providing magnifications between 100 
and 1 , 200 . Care must be taken to prevent the introduction into the 
..ample of stray pollen from dirty glassware or the air. 

o Jen and spores imbedded in a sediment must be separated from 
id mineral matrix in order to observe them. Detailed explanations 
of the treatments used are given by Faegri and Iversen (1D5G) Two 
common procedures employed to accomplish the separation entail 
either dissolving the mineral fraction by reagents that will not destroy 
poUen, or different.al notation of the sediment using heavy liquid's 
m winch the organic residues float while the mineral fraction sinks. 
Common reagents for the first procedure are HC1 for dissolution of 

tionTT ^ f ° U ° Wed h l HF tD elimirmte silicates. The second (flota- 

he Uk t'Th mny ! flC ™ mplish,Kl ’ after Physic*! maceration of 
rock, by the use of a bromoform-acetone mixture adjusted to a 

o , f ( , Prey ’ 1954) * Coa1s * broken down by 
humir ,ul sl ? solution. The high concentration of dark 

hum c substances in coal, lignite, and peat often requires the use of 
decolorizing agents, bleaches or strong bases, to clarify the otherwise 

ose. A ana t ions of these procedures have been developed b each 

pollen laboratory to deal with the matrix at hand. ^ 

free of Eh l fl ! dhnentai 7 mfltris > k ' s ™shed 

veeriim Li Tt^ U ^ m ***P* ratl011 dtid mounted on slides b 
g ) me jelly, balsam, or a synthetic mounting medium, 

INTERPRETATION OF THE FOSSIL SAMPLE 

irfSSt 0 ' ‘1’!, stailarity of Pleistocene p ] Mta t0 mod(!ro 
identlficnttonof tl,„r pollen with modern genera or (in pert) s ™£ 
a theoretically possible for B ueh relatively young mnte ri „l Moth 
po len of Tertier, ego ten eafely be attributed to living m-nerej 
but m Cretaceous assemblage, the detection of modern genere is usuady 
difficult and often meslionable because of the greet amount of e™Ire 
ton and ext,net,on that ha, since occurred. Older fossil material' e g 
pre-Cretaceou. spores and conifer pollen, is usually placed in extinct 
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genera because, though one might be sure to what major taxonomic 
group the plant belongs, it is usually considered inappropriate to 
apply the names of living genera to such old material* 

Identification of fossil forms in terms of modern species and genera 
requires careful comparison with a large-as-possible collection of 
modem pollen, prepared by acetylation from authentic herbarium 
collections (Traverse, 1955}. 

With proper preparation a fossil pollen sample may contain up to 
1,000 grains per slide. If the assemblage represented is rich in types, 
it may consist of 60 to 100 forms, though usually it contains less. An 
estimate by eye of the relative proportions of all these types is usually 
not accurate, especially for the rarer forms, and instead it has become 
accepted practice to count 200 to 1,000 grains in order to compute the 
percent composition of a sample. Because the slide assemblage is 
mixed, systematic traverses of the preparation by means of a mechani¬ 
cal stage permit the observer to encounter a random sample. Bj 
performing counts in a consistent manner for each of several samples 
in a sedimentary sequence, and by converting tlie tallies to percent 
composition of the observed sample, quantitative data can be obtained. 
By plotting the data in graph form with the values for each sample 
arranged in a vertical series according to its placement in a section, 
the relative numerical importance of each pollen type at different levels 
in the section can easily be seen. Such a plot is termed a pollen dia¬ 
gram, an example of which is included as figure 6. 

When the sample count includes 1,000 grains, percent composition 
data are statistically very reliable for both rare and common pollen 
grains. If the count includes 200 or fewer grains, the calculated per¬ 
cent composition involves a sampling error that becomes increasingly 
serious for progressively smaller counts, and is more serious for com¬ 
mon pollen types in the sample than it is for rare ones. When two 
or more pollen diagrams from a deposit are essentially the same, 
reliability of the data is increased (Faegri and Ivcrsen, lO.tO). 

The pollen diagram shown in figure 6 represents an analysis of a 
4-meter core in a late-glacial bog near Totoket Mountain, Xorthford, 
Conn. As a help in visualising tho sequence, a diagrammatic section 
of the core sediments from which the pollen samples were taken is 
shown at the left of this figure along with a scale to show depth below 
the surface of the bog. Plant genera observed in the samples are ar¬ 
ranged from left to right starting with trees, followed by shrnbs, 
herbs, and water plants. The relative amounts of different pollen 
types are shown as deviations to the right from the vertical uses. 

‘ The advantage of presenting data in a diagram is that at a glance 
one can easily' see major trends, dominant types, and relations of 
sediment type' to the pollen phases, and also observe the components 
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of a Singh sample bj following owe depth level horizontally across 
the graph. Interpretation of a complex pollen or spore diagram is 
facilitated by dividing the sequence into phases or zones, in order to 
outline further the major features of the sequence. Definition of 
zones can be based on any feature that seems pertinent, such as a 
numerically dominant genus, or presence or absence of critical though 
less abundant microspores* In our example, the zones entered on 
the extreme left of figure 6 are labeled for convenience by alphabetical 
symbols and are based on the dominant plant type or genus: T zones 
for predominance of shrubs and herbs, A zones for spruce (Picea ), B 
for pine and C for hardwoods (here Quercm, oak) . 

From one or preferably more than one such fossil samples or se¬ 
quences, inferences can be drawn about the type of plants represented, 
the general climate at the time of deposition, the environment of 
deposition, and the approximate age of the sample. Examples of 
such conclusions are discussed later in relation to paleoecological in¬ 
terpretation and correlation by pollen and spores. It might be said 
again, however, that the interpretation must recognize that the pollen 
and/or spore rain represented in the sample does not define the exact 
composition of the vegetation adjacent to the site of deposition. 
Qualitative changes with time shown in pollen or spore sequences are 
mol's meaningful than the composition of individual samples, 

RECONSTRUCTION OF PAST ENVIRONMENTS 

For pakoecologicul purposes, fossil pollen serves as a means of 
determining the botanical relations of the plants in the assemblage. 
Having identified the fossil pollen, the pollen analyst, under the as- 
sumption that plants have not significantly changed their environ¬ 
mental tolerances in time, can deduce that an environment like that 
now required by these plants once existed in the vicinity of the fossil 
locality. If a modern species is now limited in its distribution by 
specific factors such as temperature or rainfall, then from a Pleisto- 
cene occurrence of the plant one can infer rather precisely the cli¬ 
mate at the time the plant grew. The validity of such conclusions 
increases with the number of different plants on which they are based. 
They are most exact for the Pleistocene and decrease in accuracy 
with increasing age of the sample. 

Such precise climatic inferences cannot bo made from plant as¬ 
semblages of Tertiary age, but, because most modern genera (but not 
species) have existed throughout the Cenozoic along with gradually 
decreasing numbers of extinct forms, somewhat more general inter¬ 
pretations are possible. 

Most of the plant genera of the older Mesozoic and Paleozoic are 
now extinct. Hence ecological evaluation of these old assemblages is 
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especially dependent upon correlative evidence from associated fos¬ 
sils and from the physical character of tlte deposit, 

An example of the use of fossil pollen in reconstruction of a pre¬ 
historic human environment is the sequence described by Godwin 
(1948) for Shapwick Heath (bog), Somerset, England, where inter¬ 
esting Iron and Bronze Age artifacts have been discovered. The 
pollen, from a series of sediment samples taken at close intervals be¬ 
low, at, and above the levels where artifacts were found, documented 
a series of changes in the vegetation that revealed the nature of the 
human cultures. Interpretation of the resultant pollen diagiam "ns 
based upon changes in the kinds and numbers of weed, forb, and 
agricultural plant pollen present in the section. 

Less than half a meter below the bog surface were discovered the 
well-preserved remains of a log trackway (11 esthay trackway) con 
structed of longitudinally laid birch timbers and small, more or less 
vertical stakes pinning these in place; the birch timbers showed clear 
as cuts that by their nature could not have been made by a modern 
as, but were characteristic of the marks left by certain as types used 
in the late Bronze Age. Associated with the trackway timbers was 
a spearhead that w as of late Bronze Age. _ _ 

At other locations in Shapwick Heath, commercial peut-mmmg 
operations revealed no less than live food caches buried below the 
modern surface of the bog, and these are datable to the Romntio- 
British culture by the coins contained in them. At other localities, 
a scabbard (La Time scabbard),of late Iron Age, and also a primitive 
boat 18 feet long, were discovered under several feet of peat. The 
archeological age of the boat is not certain, but the plant species pres¬ 
ent indicate that open water has been scarce or absent on Shapwick 
Heath since the time of the Westhay trackway. 

Jn sediments hist below the oldest of these artifacts (the timbers 
of the Westhay trackway), weed, cereal, and forb pollen types are 
present, and in sediments above the trackway believed to be con¬ 
temporaneous with the late Iron Age, these same pollen types are 


especially numerous. . , „ . 

Pollen representing weeds and forbs m Shapwick Heath sediments 
include Rvmcx, Artemisia (sage), members of the daisy and hunb s- 
nuarters families, and plantains. The most sjgmficant plantam 
species is Plant ago lanceolata which elsewhere m European post¬ 
glacial sequences has been found only in sediments younger than 
Neolithic Aim It is a well-established fact that this plantain species 
has proliferated in Europe only in the last few thousand years, and 
that it is probably a weed associated with human disturbance of the 
vegetation. The cereals present include grasses and members of the 
barley group, which ore difficult- to ident ify to genus j t eir po en. 
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Allowing for the possibility of burial of artifacts below sediments 
with which they were contemporary, the evidence from the Shapwick 
Heath pollen sequence indicates that clearing of the local forest was 
begun toward the end of the Bronze Age and just before the const ruc¬ 
tion of the Westhay trackway. A later and more pronounced maxi¬ 
mum of weed and cereal pollen in sediments of late Iron Age suggests 
that clearing and agriculture probably reached a peak of activity at 
that time. The occurrence of barley grain in the ruins of a local 
village of late Iron Age confirms the fact that, agriculture was prac¬ 
ticed during that era. 

The archeological record of Shapwick Heath history ends with 
the Romano-British artifacts which are datable to the time of the 
dissolution of Roman power in Britain at the close of the fourth 
century A. IX 

Pollen data from a peat bog near Nortliford, Conn., illustrate 
how fossil tree pollen cun bo useful in inferring the nature of pre¬ 
historic climate. In the pollen diagram (fig. G), from this bog, tree- 
pollen curves plotted on the left include data for spruce (/-Vcca), a 
genus that no longer grows in appreciable numbers in the State. 
During the deposition of zone A, which began some 13,000 years ago, 
spruce was the dominant pollen type, and therefore was probably 
the dominant tree in the local forests at that l ime. By comparison of 
the amount of spruce in zone A sediments with its density in pollen 
rain of areas to the north, one finds tint the nearest comparable mod¬ 
ern concentration of spruce lies in the Maritime Provinces of southern 
Canada. Because spruce distribution and abundance ate controlled 
by growing-season tempera tines, one can make the definite conclusion 
that July temperatures of southern Connecticut during the deposition 
of zone A were at least as low as those now found in the Maritime 
Provinces. These temperatures average l(MS D C. in July and are 
3 to 4 degrees cooler than those now typical of southern Connecticut 
In the month of July (Ijeopold, 1957). 

If their present ecology is well understood, microalgfte or marginal 
water plants in the fossil assemblages are sometimes helpful in re¬ 
vealing the original hardness or salinity of the water. In the Totoket 
diagram of figure G, water plants and algae, shown on the far right, 
include: char a and Afyriophyllum (water milfoil), now characteristic 
of mineral-rich lakes; Pedirntrum^ a small floating alga that now 
prefers open water; and the marginal water plants Typha (cattail) 
and iVymphaea (yellow water lily)* Remains of all these are espe¬ 
cially prevalent in sediments of zone A. One can therefore infer 
that during deposition of zone A when the forests of southern Con- 
necticut were predominantly spruce, this basin was a lake with waters 


319 


POLLEN AXD SPORES—LEOPOLD AXD SCOTT 

somewliat rich in calcium. The basin is no longer e lake, for peat has 
filled the depression to create a bog in winch the peaty muck at e 
surface is rich in humic acids and low in minerals. Hardwoods raUier 
than spruce now grow around Totoket bog. Hence it is c ear ia 
the old muds underlying the peaty surface of the bog contain a record 
of a climatic and aquatic environment strikingly different from mo - 

em conditions in the Totoket basin. . ... 

K.n outstanding example of the use of fossil pollen, along w i 
fruits, seeds, andNvood, in a broad approach to the reconstruction of 
a Tertiary (upper Oligocene) environment is the investigation of the 
Brandon ‘lignite. This unusual deposit of brown coal, near iJ ™ ndon j 
Vt., was first discovered about 100 years ago and served as B 
source for an iron industry once the largest m the U^JJtates. 
Recent rediscovery and study of the lignite macrofoss. fa:: Barghoovn 
1950; microfossils: Traverse, 1055) has resulted m the identification of 
more than 50 genera of flowering plants; about 60 percent of these 

*. - j-«»* 

ecologically they form a subtropical assemblage which p obabiff ** 
under conditions much like those in the river swamps of the Atl^tio- 
Gulf Coastal Plain. Such significant genera as L^dambar (sweet 
gum), Nytsa (tupdo), CyriUa, Gordon™, and Engelhardha, now 
found only in much milder climate than that prevailing m ^mon‘, 
arc represented by fossil pollen. In addition, presence m O' 
some genera now growing under warm conditions but only m south 
east Ysia, e. g., Glyptostrabus and Ahmgium, is proved by the occur- 
retce of thefr poS The present ecology of torn and the other 
Brandon genera is compelling evidence for the existence in \ ermont 
in the early Tertiary of climatic conditions similar to those now typi- 

r al for coastal Florida or South Carolina. 

Pollen from the Tertiary brown coals in Europe has been inten- 
riXtayestigMed (Thomson, 1053), tat the known Ternary vege- 
tatioLl history of the Hinted Steles is as yet toed 
leaves end other macrofoesils. From studies such es thet of the Bren 
don lignite, it is cleer thet paiyuoiogy «noontabute to « fullertoider- 
standing of tho evolutionary and migrations! history P" 
nresent vegetation bv adding another category to the list of detached 
SZtSSliA the geologic record of plants must U . deduced 
Tim potential of pollen and spores in this respect arise® not 
their occurrence in rocks that do not contain other pj^tparts,but 
also from the fact that a single slide may contain the po 
or more genera; a sample of this size is amassed much more tediously 

when dealing with plant macrofossils. 
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CORRELATION 

Tile practice of dating rocks by the fossils they contain is based 
upon the fact that during geologic time the complex of factors affect- 
i[ig organisms has resulted in their evolution, migration, and extinc¬ 
tion. Establishing the sequence of changes in individual categories 
and assemblages of organisms provides a basis for a relative chronol- 
ogy. The stratigraphic paleontologist can make correlations and age 
determinations by comparison of fossils from beds of unknown age 
with those from beds where the ago is established. 

The suitability of pollen and spores for geologic dating arises 
from several of the factors already discussed, namely, their small 
size, taxonomic individuality, resistance to degradation, and wide¬ 
spread distribution. They may be used in correlation either as a 
means for identifying botanical)? the plants they represent or as 
arbitrarily designated Forms, In practice, a combination of the 
employed. The botanical approach takes advantage 
of the fact that the times of appearance and disappearance of most 
of the major plant groups are known. Thus Carboniferous plant 
mierofossjls reflect the dominance of extinct arborescent lycopods and 
horsetail relatives along with many ferns and seed ferns. Within 
the Carboniferous, changes in generic and specific composition and 
relative abundance with time are sufficient to make the numerous 
plant nucrofossils , n coal useful for correlating coal seams within a 
basin (Kosanke, 1050). 

Permian and older Mesozoic rocks are characterized bv the ab¬ 
sence of many of the Carboniferous types and the increasing propor¬ 
tion of winged gymnospermous grains and cycadophyte pollen. An- 
giosperm pollen is not certainly present until early Cretaceous time 
and is not abundant until late Cretaceous time. Pollen from Upper 
Cretaceous rocks is predominantly that of extinct nngiosperm genera; 

the floras assume an increasingly modern and more provincial aspect 
m the Tertiary, * 

Such floral changes are revealed, for example, within the Tertiary 
sediments of the Great Basin, where fossil pollen assemblages record 
major changes in the composition of the woody flora due to migra¬ 
tion and to evolution. These changes are of the same nature and on 
the same order as the regional floristic changes already outlined from 
study of fossil leaves and fruits. As do the leaf floras, the Cretaceous 

S?wT r ? f Tert "i rr p ° len Ma «® bla ^S contain many strange uniden¬ 
tifiable types, a few recognizable subtropical families or genera, coni- 
ers, some of which are now extinct, and a few warm-temperate trees 
that still grow on the North American continent but are no longer 
present in the local flora. Middle Tertiary sediments show several 
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broad-leafed genera that now grow exclusively in Asia and also 
woody types that are now temperate in their distribution. Late 
Tertiary pollen assemblages show progressively more modern tem¬ 
perate floras in successively younger sediments. Pleistocene sedi¬ 
ments in the west contain an essentially modern flora that underwent 
north-south or altitudinal migrations during the several climatic 
changes of that interval. 

Generalized floristic trends, such as those outlined above, can be 
safely used within n limited region, like the Great Basin, as a broad 
standard with which to evaluate assemblages of completely unknown 
age from the same area. This type of dating requires identification 
to modern family or genus, where possible, of the dominant fossil 
pollen forms. 

A striking example of applied palynology has been described by 
pollen workers employed in petroleum geology studies in the Mari- 
eaibo Basin, Venezuela (Kuyl et al., 1955). By extraction of organic 
residues from cores as long as 3,000 feet that included sediments of 
Cretaceous and Paleoccne (early Tertiary) age, these workers ob¬ 
tained characteristic fossil pollen assemblages that could be traced 
laterally from well to well for total distances of as much as 100 miles. 
Pollen zones marked by changes in relative numbers or qualitative 
composition of the assemblages in the long vertical sections were the 
basis for a subdivision of underground sediments that could not be 
successfully delimited by other means. By means of identical floral 
successions revealed by pollen, four facies provinces in the Tertiary 
of western Venezuela were corrclated- 

The lower parts of these cores are composed of shales deposited 
in a marine environment, as indicated by remains of marine algae 
and Foniminifera, The sediments that vmconformably overlie these 
obviously marine (Cretaceous) beds are mostly nonmarine coal beds, 
sandstones, and fresh-water shales. A pollen zone boundary that 
was fundamental in the oil-geologic interpretation of the basin struc¬ 
ture forms a nearly horizontal stratigraphic line that transects both 
the rough plane of contact between the marine and non marine beds 
and the irregularities of the textural sediment zones. The most 
reliable pollen zone boundaries were based on fossil pollen and spore 
types that showed a similar vertical succession over a very wide area; 
these types were assumed to reflect the regional vegetation changes. 

Because of the apparent usefulness of stratigraphic correlation 
by means of fossil pollen and spores, many of the large oil companies 
throughout the world now have installed research laboratories 
equipped for the study of these micro fossils in sediments pertinent to 
petroleum-geologic problems. 
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summary 


Pollen nnd spores have the singular advantage of being the smallest 
plant components that cun be linked tnsonomkally with the parent 
plants. Their production in largo numbers, together with their 
buoyancy, has insured their representation in aerially deposited dust 
over wide areas. Resistance of pollen and spore walls to most deg¬ 
radation processes has resulted in their preservation in varied kinds 
of sedimentary deposits from diverse environments, often from 
deposits otherwise without, fossils. 

Rapidly expanding appreciation of the presence of these micro- 
fossils in geologic sediments, together with development of methods 
for their recovery and criteria for their utilization, have led to appli¬ 
cations in archeology, paleoecology, and paleobotany, and in stratig¬ 
raphy. Phe developing usefulness of pollen and spores in such 
holds as petroleum geology promises that in the future these small 
fossils will be even more widely employed in these and other areas 
of research. 
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The Influence of Man on Soil Fertility' 


By G. V, Jacks 

director, CopwUMtPtakh Bureau of Soils 
Rpihamsted Experimental Stati&n 
Harpeatftn, HcrlSr, England 


By Man, spelled with a capital M, I mean human societies, includ¬ 
in'" men and women, cows, crops, microbes, cars, steelworks, and stock 
exchanges. By soil fertility I mean the capacity of a soil to produce 
livin'" material, regardless of how the soil acquired that capacity. 
If one man treats a heap with fertilizers he may produce a fertile 
soil within a year, but the fertility will be evanescent, and be will not 
lind it worth his while to maintain it- But Man-human society- 
may judge it "worth, while to reclaim the spoil henp for peimiwieti 
apiculture, in which case he sets in motion some long-term processes 
largely governed by such things as the output of cats, activi ty in t e 
steel industry, and level of the bank rate. Jhcsc are among tie 
major factors which determine the influence of Man on tlie present- a} 
evolution of our soil. 

When a soil scientist studies the influence of a forest on soil forma¬ 
tion he pays most attention to the influence of the tree canopy, which 
is the dominant living influence on the soil because it conditions the 
existence and activities of all the lesser living factors sue i as t le 
ground flora, the fauna, and the soil micro-organisms. But when a 
soil scientist studies the influence of Man on the soli he gives all his 
sittentioD to the direct operations of the farmer and cultivator* t ie 
downtrodden ground flora of the human forest, and ignores the domi¬ 
nant influence exerted on the farmer's daily and secular activities by 
social itnd economic emanations from the canopy of the towns. ^ y 
theme will be mainly the influence of towns on the secular evolution 

of the soil. . , 

In embryonic societies, before towns exist, nearly everybody is en¬ 
gaged in food production, agriculture is of the self-sufficient type, an 

> Address delivered at tin Sheffield Meeting o t the Brittah Association for tic 
Advancement of Science on Thursday, August SO, 1956^ Reprinted by permission 
from The Advancement of Science, No, SO, September 1S56. 
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there is no incentive to increase soil fertility, though there is n need 
for the whole community to organize itself so that a minimum level of 
soil fertility Is maintained. This need is the basis of the tribal organi¬ 
zation of many primitive societies living by nomadic, shifting culti¬ 
vation which allows the soil to rest and recuperate between short 
periods of cultivation. It was also the basis of the three-field system 
of communal agriculture which maintained soil fertility in fetid a 1 
England or, rather, slowed down the inevitable soil exhaustion that 
had to accompany social evolution- In these predominantly agricul¬ 
tural stages of human societies Man is a consumer of soil fertility. 
He cannot help it, an}" more than a young forest can help taking more 
out of the soil than it gives back; he cannot help it even when he is 
armed with all the wisdom which past, experience and twentieth- 
century science can give him—because it is part of the nature of 
economic Mam 

It seems also to be the nature of part of economic Man to congregate 
in towns at A certain stage of his social development, and to abandon 
agrimhure for more profitable pursuits. The growth of towns has 
a powerful effect cm soil evolution. Towns create far more, and more 
concentrated, wealth than agriculture can create, a rising standard of 
living* and ft greater demand for the produce of the soil. A small, but 
very significant, f raction of this town-made wealth flows back into the 
country, and the towns’ demands for food, clothing, and, nowadays, 
the agricultural raw materials of industry make it profitable for 
farmers to produce as much as they can from their land. To begin 
with, this results in an accelerated exhaustion of the soil, but if the 
towns continue to grow in size and prosperity a stage is reached— 
and has been reached in every successful civilization—when it pays 
the fanners to intensify production, to increase output per acre and, 
therefore, to raise soil fertility. If it pays Man to increase soil 
fertility, he does it. That, I think, is the baste natural law governing 
the growth and survival of civilization. 

A good example of the initial fertility-destroying and subsequent 
fertility-making influence of towns is afforded by the recent history 
of the United States. The drain on soil fertility to satisfy the 
demands of British towns for cheap food in the last century was one 
cause of the terrifying soil erosion which has afflicted the United 
States. But very recently a small part of the immense wealth pro¬ 
duced by American industry has begun to flow back into the soil. 
Farmers are finding that it pays to conserve their soil and to raise 
its fertility. Soil fertility, measured by crop yields, is rising more 
rapidly m the United States than in arty other part of the world. 

Towns increase a country’s soil fertility by enabling farmers to 
afford to put more into the soil than they take out of it. Fertility 
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cannot bo increased merely by getting the soil to take in its own 
washing, that is, by self-contained or self-snfficent ^ ’ 

at best, returns to the soil only a part of what IS removed from d. 
The fertility-producing farmer must be able to buy, or otherwise 
procure, fertility from outside and he must have a continuing economic 
£3. t, do so. There are various were ,n which « 

acquire money and various forms in which they can buy soil fei ihty 
I by which I mean anything or any measure that will ,ncrgE ^ 3 ^ r ^ 
but in general, farming Man can earn enough not only to pay for hi _ 
“iitfes end luxuries. hot else to improve hie tad m the hope rd 
further gain, only by selling to a stable and wealthy mark c t--a toun 
which produces many times more real wealth per acre lha " lhe J*^ 
soil cam In this industrial age enough wealth is being produced 
ihc towns and cities of the world to fertilize yen urge ^asoff^d- 
prodneing land. Most of the people in the cities bare enough to eat, 
most of the 60 percent of the world’s population that are underfed 

^Vh^r^TfaVdistinguished three stages in the evolution of soil 
under Man. First, there is the shifting-cultivation stagewtohumui 
activity has only an ephemeral effect on the soil. This stage is as 
sedated with a low density of population, and may not occur in 
societies living in places, like Egypt, irrigated by fertility-producing 
water Secondly, as and when population increases, permanent settle 

hw few other source, of wealth ttmn the soil to draw on Soc,ctJ t.o ls 
to develop a strocluro which prevents too rapid an vxhamj on of ho 
roil This we may call tho soil-eshanstme stage. Thirdly, as the 
population incraai farther it congregates m towns, redneng he 
orisure on overworked, unimproved land, but gradually increasing 
The demand for its produce. Towns produce wealth from other sources 
than the soil, which enables them to pay for their demands and makes 
it profitable for farmers to satisfy them by investing money in soil 
fertility We may call this the soil-conserving or fertility-producing 
ttta J Society becomes urbanised and largely loses interest m agn- 
if* n ri^lth continues to How from the towns into the soil. 
A state equilibrium may be reached when the inputof soil fertility 

bv the towns is balanced by the output in r.ch 1«™*V ^ 

What happens subsequently is not clear. We hare examples of a 
. , r of social and soil evolution in the world at the 

than they are today when they are much too low to support, e*cc t 
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in dire poverty, the mainly agricultural populations; but whereas 
yields in all industrialized countries have increased markedly within 
the last 50 years and are still increasing, they have not increased in 
India and China, In both countries, however, the present govern¬ 
ments are aware of the importance of industrialization and getting 
people off the land as a means of raising the standard of living, which 
would lead to some improvement in soil fertility. 

The different stages of soil evolution under Man are not, of course, 
distinct. They merge into one another, as do the corresponding stages 
of social evolution, and it is quite possible for all three (or more) 
stages to be apparent in one country at the same time—as, for esam- 
ple, in modern Ceylon, where shifting cultivation, soil-exhausting 
subsistence agriculture, and soil-conserving commercial agriculture 
are operating simultaneously. Western Europe is the only large 
area of the world that is at the climax of soil evolution; much of the 
rest is so young in human history that it is still in the soil-exhausting 
stage, a fact which affords an adequate ecological reason for the pres¬ 
ent worldwide prevalence of soil erosion. The soil-exhausting stage 
weIJ pass and one factor which is accelerating its passing is the widely 
feJt fear that it may not pass. 

A glance at the past and present histories of Man in different 
p;.rts of the world will show that they all conform to the same general 
pattern m relation to the soil 


ENGLAND 

The history of England affords an excellent illustration of the way 
m which soils have evolved under human society from their original 
forest-made condition of quite low fertility to their present man¬ 
made condition of very high fertility. Parallel with this soil evolu¬ 
tion occurred a social evolution from a tribal to a feudal to a highly 
industrialized capitalistic society. In these parallel evolutions the 
outstanding influence on soil fertility was the growth of towns. 

The first people to clear the English primeval forest were probably 
shifting cultivators. Then, gradually, an invariable system of settled 
agriculture developed, of which the most essential feature was the 
resting fttHoiv. This “three-field system” was a characteristic of the 
feudal age The land was worked according to a filed set of rules, 
to prevent the otherwise rapid exhaustion of the land and the breol c- 
dowtt of the community. The rules not only checked soil exhaustion, 
but also prevented soil improvement. 

'‘TT'f? “* com P ietel y prevent Soil exhaustion, 
m J 11 me 116 feud ' 11 F^iod was coming to an end many of the 

open fields were getting into a bad state with increasing weediness 
d * Ields - ^ Js well known, the early commerce of this 
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country was based on "wool, and tbe rise of the wool trade gave a great 
impetus to the enclosure of common land which, after enclosure, 
was almost invariably put into pasture for sheep. Grass is the best 
soil improver known; indeed, it is noteworthy today that wherever 
soil improvement is being planned, from the Poles to the Equator, 
first reliance is placed on grass. At the time of the Tudor enclosures, 
at the end of the exhaustive stage of soil evolution, it was pressure 
from commercial interests, and against the will of the great majority 
of f armers, that gave the soil its first dose of fertility-producing 
medicine. Eater, great improvements, which would have been im¬ 
possible on unenclosed land, were effected in pastoral and arable 
farming, mainly with capital earned in the towns. Investment hi 
soil fertility was profitable because the towns provided a market 
for all that the soil could be made to produce. 

Large-scale investment in soil fertility of money earned in com¬ 
merce and industry continued until about 90 years ago with immense 
benefits to both farmers and land. Then the opening up of the 
New World brought near disaster to British agriculture, and offered 
greater attractions than did British land for the surplus wealth of 
the towns. 

However, the subsequent neglect of British agriculture, winch 
lasted until 1940, had little effect on the inherent fertility of the soils 
because so much land went back to grass, which gave the soil a rest. 
If arable farming had been maintained at the 1S7G level with insuffi¬ 
cient capital investment, the lass of inherent soil fertility might have 
had serious consequences in the two world wars. At the present time 
the crying need of the soil is for capital which can only be provided 
in sufficient quantity by the products of industry. It is becoming 
evident that, in future, Britain will be unable to rely to the same 
extent as formerly on buying unlimited food from abroad, so more 
of the wealth of tbe towns may again be diverted into the soil. Al¬ 
ready the state pours money into the land on a vast scale; the level of 
soil fertility—crop yields—would fall immediately if the state ceased 
to do so. 

NORTH AMERICA 

In North America the soil is going through a similar sequence of 
evolutionary stages under the indue nee of Man. Social development 
has been telescoped into a much shorter space of time than was the 
case in Europe. Most people would say that industrial progress has 
advanced further in America than in Europe, but it is of very recent 
date and the beneficent effects of American industrialism on the soil 
are only now beginning to be discernible. 

At first there was a period of “shifting cultivation” as the frontier 
was pushed westward. The land was skimmed of its fertility and then 
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abandoned or passed on to another who continued the skimming 
process. The greater part of the habitable land was occupied within 
a century. Then followed a period of soil-exhausting agriculture 
when the unimproved soils were bled not only to keep their owners 
alive, but also to feed the teeming urban populations of Europe and 
thereby to provide some capital for founding American industry. The 
land got back little for what it gave, but in the mushrooming cities 
seeds were being sown which would bring forth a rich harvest of 
soil fertility. 

The disastrous effects on unfertilized American soil of huge exports 
of food, mainly to Europe, arc very evident at the present time in the 
widespread occurrence of soil erosion, a disease from which many 
other parts of the world are also suffering. Pood exports, of course, 
were only one of many causes of the rapid exhaustion of American 
soils that in its turn was the immediate cause of soil erosion by the 
physical breakdown of soil structure. That all this erosion should 
have happened is usually regarded as unfortunate, sometimes os 
tragic, and occasionally as sinful. Taking a global view of agricul¬ 
ture, soil erosion is certainly a phenomenon of tremendous sign iff* 
cance today. It has been described Eta a symptom of maladjustment 
between society and the soil, but I regard it, rather, as a symptom of 
a normal stage of the evolution of soil under Man's control. Human 
society destroys soil fertility before it begins to create it, and there is 
nothing society can do about it until it has created a great surplus of 
wealth, over and above what the land can produce. With which to 
fertilize the soil. 

Unlike Europe, Aorth America has not evolved a cast-iron social 
system to check the outflow of fertility from the soil Events have 
mored too quickly. But in the 2 930’s the soil-conservation-district 
mo' ement was started in the United States, by which the farmers of 
a district voluntarily organized themselves, with Federal and State 
hacking, to farm according to established soil-conservation practices. 
The movement spread with astonishing rapidity, and today most of 
the farmland is included in soil-conservation districts. In many dis¬ 
trict 1 } good intentions are more evident than soil conservation, but 
that the movement should have swept the whole country in less than 
20 years is most significant. The much greater effect on soil fertility 
of a phenomenal increase in industrial production has to some extent 
masked the direct effects of soil-conservation measures. 

Although the event is still too recent for us to be certain about its 
significance, the economic depression of the 1030’s may have been 
the turning point in the evolution of American agriculture from soil 
exhausting to soil conserving. During the depression millions of 
acres of overworked land got a rest, and the virtues of gross as a 
protector of the soil from erosion and ns renovator of soil fertility 
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became clear to all. As in our first agricultural revolution, the 
farmers did not like having to change their traditional ways, but they 
could not stand up to the harsh economics of the lime, any more than 
our open-field farmers could resist the powers of enclosure. When 
the second World War came, food production was enormously in¬ 
creased, as it had been in the first war, but this time fairly adequate 
precautions were taken to protect the land from erosion, and soil 
fertility was not used up—indeed, it was increased by the greatly 
expanded use of fertilizers and other applications of science and 
technology. Since the war, crop yields have continued to rise, and 
now average about 35 percent above prewar. Farmers have had 
money to spend and to spare, and some of it has found profitable in¬ 
vestment in soil fertility. Boom conditions, however, do not last for¬ 
ever. America is now producing more from its land than it can dis¬ 
pose of. What, that portends for the future I do not know, but it 
suggests that American economy and soil are still far from a bal¬ 
anced equilibrium. The soil-conservation stage has a long way to go. 

USSR 

Data on the progress of agriculture in the Soviet Union are un¬ 
reliable, but there is no evidence whatever of such great advances 
in yields and intensity of production as have recently occurred in 
Xorth America, In Russia the towns do not provide surplus capital 
to fertilize the land j on the contrary, the land is starved of capital 
to feed the expansion of industry, AS happened in the United States 
until a few decades ago. Russia is still in the soil-exhausting phase 
of economic development—indeed, in some respects it is still in the 
shifting-cultivation phase. If the industrial revolution is carried 
through successfully in Russia, however, the land should ultimately 
get some of the surplus wealth of industry in the form of capital 
investment and applied science, and the normal effects of industrial¬ 
ization on soil fertility should then appear. Russian soil science is 
remarkable in two ways. It is 25 years ahead of the rest of the world 
in its conceptions and 25 years behind in its application. The limit¬ 
ing factor to greater productivity is not lack of knowledge of the 
soil, but lack of capital as a fertilizer. To this might be added the 
apparent absence of all incentive to the collective farmer to improve 
the land. The present trend in Russia is toward the supersession 
of the collective farm by the state owned, factory-operated farm. 
Collective land ownership, during the short time it has operated, has 
failed to increase soil fertility. It is quite possible that state owner¬ 
ship, which is in some ways analogous to the large-scale individual 
ownership which played such an important part in promoting soil 
fertility in England, may have similar effects in Russia. To the 
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western mind the much advertised project to reclaim TO million acres 
of semi arid virgin land in central Asia for grain production seems a 
colossal waste of effort when so much more could be done by intensi¬ 
fying production on the naturally fertile and more accessible black 
earths of the Ukraine, but it must be remembered that so far the 
influence of Man on the soils of the Soviet Union as a whole has been 
very small, and parts of that vast country are still in the shifting- 
cultivation stage. There is still the urge to people the empty spaces, 
which appears again and again, and not only in Russia, in schemes 
to reclaim deserts or to settle the Arctic, and reflects the inborn long¬ 
ing of Man to be master of all he surveys. 

One must recognize, too, that the Chinese Communist revolution, 
with its emphasis on industrialization, may bring new life to China’s 
womout soils, many of which seem to be in the last stages of decline 
after some thousands of years under Man’s control. But the revolu¬ 
tion has scarcely started yet. 

SOUTH AFRICA AND AUSTRALIA 

These two Isrge countries are taken together not because of any 
similarity in their agriculture or soils, but because both are at the 
same critical stage of soil evolution. In both, soil exhaustion and 
erosion have been very severe and have caused the utmost alarm to 
farmers, financiers, and politicians. Indeed, the late General Smuta 
once said that soil erosion was bigger than politics—which meant 
something in South Africa! 

Since the last war, however, a remarkable change in outlook lias 
come over both countries. Immense progress, for so short a time, 
has been made in the reorganization of agriculture on a soil-conserva¬ 
tion basis, particularly by the establishment of soil-conservation dis¬ 
tricts based on the American model, and by the intensification of 
agriculture and the introduction of ley fanning. In botli countries, 
too, agriculture has ceased to be the main occupation of the inhabi¬ 
tants. In Australia three-quarters of the whole population is now 
urban. In South Africa heavy industry produces more wealth than 
either mining or agriculture. Both countries have just reached the 
stage where the wealth of the towns can begin to fertilise the soil. 

The voluntary communal control of soil erosion by means of soil- 
conservation districts, which hag taken such firm root in America, 
Australia, South Africa, and also on European land in Rhodesia, 
seems to be the modern equivalent of the communal farming rules 
enforced to check soil exhaustion throughout feudal Europe. Land- 
use regulations, made to ensure the maintenance of soil fertility, are 
cti forcible by a districts own laws, as the fallow* was enforcible by 
manorial law. The old three-field system, however, merely prevented 
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soil exhaustion from going too fast. The soil-conservation district 
aims not only to prevent soil erosion, but also to build up fertility— 
which was impossible under the three-field system. The soil-con¬ 
servation district may well turn out to be the characteristic not only 
of the final stage of the soil-exhausting phase in these rapidly grow¬ 
ing nations, but also of the emerging fertility-producing phase. It 
was originally devised to check the precipitate exhaustion of the soil 
that, in the previous absence of any social control, was getting out 
of hand, but it is now being used everywhere to build up soil fertility. 
The soil-exhausting phase is merging into the fertility-producing 
phase. 

In South Africa, in particular, the soil-conservation-district move¬ 
ment has swept through the country within the last few years only. 
A sudden impetus has been given to soil conservation, the results of 
which have not had time to appear, but there can be no doubt about 
the impetus which, again, may not last. It does seem, however, 
that the great progress and prosperity of South African industry are 
convincing farmers that it will pay them to invest in soil fertility, 
for example, by adoption of ley farming, by applying sulfate of 
ammonia to grassland in order to build up the soil’s humus eoutent, 
and other measures whose lasting efficacy cannot be known for many 
years. The significant fact is that the spirit of soil conservation is 
abroad, inspired by the money flowing from South Africa’s young 
industries, 

Australian pastoral and arable farming is also tending to become 
fertility-producing, though, as in South Africa, the revolution, if it 
is one, has scarcely begun. 

The creation of more fertility than was present originally in Aus¬ 
tralia’s soils has been made possible by using superphosphate to grow 
wheat and clover. Australian soils are among the oldest In the world, 
and were poor in the two essential plant nutrients, phosphorus and 
nitrogen, even before soil-exh a listing farming began with the arrival 
of the white man. Wheat and wool have since removed much of the 
remaining nutrients. Deficiency of phosphate is widespread in both 
agricultural and pastoral land, and trace-element deficiencies are 
common. A genera] advance in Australian soil fertility can only be 
achieved by overcoming these deficiencies. There is also a deficiency 
of water that is more difficult to overcome, but Australia has a long 
way to go before water becomes the final limiting factor. 

By applying superphosphate to the—to European eyes—miserable 
Australian pastures which, nevertheless, produce the finest wool in the 
world, dense crops of subterranean clover can be grown that enrich 
the soil with nitrogen, double or treble its carrying capacity, and pro¬ 
vide humus for more intensive arable farming. By such simple 
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means, reminiscent of the introduction of clover into English farming, 
there are almost limitless possibilities for increasing the fertility of 
Australian soils, 

Superphosphate, subterranean clover, and a few trace elements have 
the power to make at least much of southern Australia fertility- 
producing. But the existence of the means is not enough to effect 
the revolution. The high price of wool that resulted from the Korean 
war gave a great fillip to soil improvement, but will not last forever. 
The Australian people, however, are already three-quarters urban and 
are developing secondary industries which should produce a surplus 
of wealth with which to fertilize the soil. Australians occupy a huge 
continent and are concentrated mainly in five large cities. It remains 
to be seen how far the fertilizing influence of these five widely sep¬ 
arated cities will spread into the outback, most of which is still in 
the shifting-cultivation stage. 

TROPICAL LANDS 

In the mostly thinly populated areas within tropical latitudes, Man 
has seldom succeeded in ousting the plant world from its dominant 
position in the soil’s economy. The Indian subcontinent is the best 
existing example of permanent tropical agriculture that has continued 
for centuries. It is also one of the most densely populated of tropical 
countries. As elsewhere in the Tropics, the basis of this permanent 
agriculture has been paddy cultivation in which flooding suffices to 
maintain plant nutrients in the soil at a level adequate for at least sub¬ 
sistence production of rice. The example of other countries, like 
Japan and Australia, shows that rice yields could be greatly increased 
in India by fertilizers, mechanization, use of high-yielding varieties, 
etc., and there should be no difficulty in providing all the people of 
India with adequate food from her soil, if the wealth to fertilize the 
soil were there—which, of course, it is not. There is far too high a 
proportion of the people on the land for its efficient utilization, and 
they are too poor to fertilize it, The rapid increase in India’s rural 
population within the last century seems to have accelerated soil ex¬ 
haustion, at least us far as soil erosion is symptomatic of it. There 
has been no increase in average crop yields during this century. This 
may indicate the normal exhaustion phase of soil evolution under Man, 
to be followed by a conservation phase when the country lias been 
urbanized and enriched by industry, or it may represent a later phase 
in which society is too old to adapt itself to the creation of soil fertility. 
The Indian Government is exerting every effort toward industrializa¬ 
tion, wherein undoubtedly lies the main hope for the future fertility 
of Indian soil. 
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No other well-tried system of settled agriculture except paddy-rice 
mowing is known that will at least maintain, if not increase, the fer¬ 
tility of tropical soil. Rice is the almost universal basis of settled 
tropical agriculture, as wheat is of temperate agriculture. 1 he min¬ 
erals in the flood waters together, perhaps, with nitrogen fated by algae 
often found on paddy fields usually suffice to maintain sod fertility 
under continuous cultivation for hundreds or oven thousands o years 
without needing a very complex social organization to operate the 
system. Rice growing, with a little pasturage and livestock, can pro- 
vide the minimum necessities of a settled tropical society. Other wise, 
tropical agriculture is mainly of the shifting-cultivation type v c ’ 
precludes permanent settlement. A patch of land will be cleare ant 
cultivated for two or three years, after which the available plant nu¬ 
trients in the soil will have been used up, and crops will fin . ie 
land is then abandoned for, say, 10 to £0 years, during winch a secon¬ 
dary growth of vegetation will invade the soil, restore its fertility 
mid make possible another short period of cult i vat ion. Shi ting a n i i 
culture is essentially exhaustive, the purpose of the abandonment of 
cultivation being to rest the soil and restore its fertility, bueh a 
system can only work with a very low population density 
The impact "of European civilization on the Tropics has greatly 
accelerated, but does not seem to have altered, the normal course o£ 
soil evolution under Man. European colonists ennnot live by shift¬ 
ing cultivation, mid they have tried with some success to introduce 
peace and better health Into their colonies. Consequently, colonial 
populations have recently tended to exceed the bunts At w ur. i 
land can bo rested long enough to restore its fertility. In every 
tropical colony (using the term in its widest sense) shifting cu na¬ 
tion is breaking down, and invariably and inevitably soil-exhaustmg 
settled agriculture is taking its place. Social and soil evolution is 
Going through the normal stage of soil-exhausting agriculture, often 
accompanied by catastrophic soil erosion. The wealth m^red [o 
create soil fertility and, still more, the demand for a high standard of 
nutrition from a large, well-to-do urban proletariat are absent Until 
this demand appears there will be no incentive to bury ninnej m t ic 
soil. To the few Europeans who operate highly capitalized plan¬ 
tations in the Tropics, however, the incentive of supplying their own 
urban markets, at home and abroad, is making itself felt. 

We already have examples of intensive, fertility-producing npri 
culture in the Tropics that is basically similar to intensive European 
agriculture. In Southern Rhodesia a system of ley farming wit i 
large applications of nitrogen has given consistently high yields of 
maize, meat, and milk, and has improved the condition of tlie soil. 
But it has not been operated long enough to merit the term I* 1 *- 
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manent agriculture.” The system is worked by a few progressive 
Europeans whose extra, output is not sufficient to depress the price 
of maize. If every farmer followed suit there would be such a glut 
that all would be ruined—or at least would be unable to buy the 
necessary fertilizers. Under present conditions there would be insuffi- 
dent demand for the produce. On the other hand, if all the people 
in the towns could afford to live well, their demands would tend to 
raise the price of maize, and some of the money they spent would 
flow back into the soil. All—and it is a big all—that Rhodesian soil 
needs to make it fertile is more and richer townspeople. Until it 
gets them it will have to put up with a good second best—the mag¬ 
nificent work of its agricultural officers. I should like to pay a tribute 
to this handful of key men who, throughout our tropical Empire, 
are smoothing out the agonies of the violent agricultural revolution 
which has followed the breakup of shifting cultivation, and are 
preparing tlie ground for the next, more prosperous stage. 

Most colonial countries are now in the early soil-exhausting stage 
of evolution, and are developing social and agricultural systems 
which will slow down the loss of soil fertility that is bound to occur 
before the peoples ore numerous and wealthy enough to enrich the 
land. Today, in most colonies, agricultural society is being reorgan¬ 
ized, largely by agricultural officers, on a basis of soil conservation 
with laws, ordinances, sanctions, and subsidies to ensure at least the 
safety of the remaining soil. One can see social systems evolving in 
which it may be as difficult to mishandle the soil as it was in feudal 
England. In a recent flight over Africa what impressed me most was 
the quite frequent appearance of that most characteristic feature of 
soil conservation—terraced, strip-cropped holds. It was also the 
most beautiful feature of the generally dismal view one gets of Africa 
from the air. The open fields of England might have given a balloon¬ 
ist a similar impression 500 years ago. 

These emerging social and agricultural systems, designed to con¬ 
serve tropical soils, tend to be less flexible and more compulsive than 
those which arc evolving in temperate regions whose inhabitants are 
politically and socially more advanced. They may become as un¬ 
adaptable to purposes of soil improvement, as "distinct from soil con¬ 
servation, as was the rigid three-field system of England. We are 
acquiring the knowledge to make tropical soils fertile, but there are 
still lacking millions of people in towns producing nonagricultural 
wealth, the best fertilizer soils can have. 

CONCLUSION 

Throughout history the picture of Man in his relation to the soil 
has had certain common features: his first struggle to adjust himself to 
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the existing balance of Nature either by adopting shifting cultivation 
in forest lands or by nomadism in grasslands; then, with increasing 
population, upsetting the balance of Nature by the practice of settled, 
subsistence agriculture with social checks on the unavoidable exhaus¬ 
tion of the soil; then the concentration of the growing population 
into towns, the creation of new wealth in manufacturing, commerce, 
and the arts, a rise in the urban standard of living, a demand for more 
of the necessities of life, an overflow of wealth into the soil, and the 
creation of new fertility to satisfy the towns’ demands: finally, the 
reestablishment of & biotic balance when the inflow of soil fertility is 
balanced by the outflow. As long es most of the population is urban 
there is no apparent upper limit to the number of people who can live 
in a region or country without exhausting its soil; but the present-day 
condition of southeast Asia suggests that a relatively low total popu¬ 
lation dens it v can be a heavy burden on the soil when most of the 
people live on the land. By contrast, the countries showing the highest 
average soil fertility arc the most densely populated and highly in¬ 
dustrialized—Britain, Germany, Holland, Belgium, Japan—and agri¬ 
cultural Denmark, the exception to prove the rule. 

Today, as a result of the rapid opening-up and development of a 
large part of the habitable land within the past century, most of the 
world is in the soil-exhausting phase, a fact which, unless viewed in 
ecological perspective, may lead to a certain loss of faith in the future 
of mankind. But it is a passing phase, which seems alarming only 
because it is h appening over such la rge areas at the same time. Already 
we can see signs in some rich new countries that the soil-conserving 
phase is approaching. Will the world of a hundred years hence be 
ablo to feed the 6.000 million people who will then be in it? The 
answer is yes, provided most of them live in towns and produce enough 
wealth to pay for the food they need. If they offer enough money for 
their food, the food will be produced. As every farmer knows, it pays 
to fertilize when the market is good. That may, perhaps, be regarded 
as an oversimplification of the phenomena of civilization; nevertheless 
it explains quite a lot of them. 
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pAKAGuaiFOa, market town uf the Venezuelan Guajira, only 90 
kilometers from the bustling, modem, oil-rich, metropolis of Mara¬ 
caibo, is in time end historical evolution several thousand years away. 
Beyond Paraguaipoa one enters a veritable cultural island* where 
the mode of life today is in many respects similar to that depicted in 
the Old Testament in the days of Abraham in the Old World desert 
of Arabia. It is a land of marked contrasts and violent extremes, 
where months-long droughts are followed by disastrous inundations; 
a land of shy but friendly people among whom the meet violent 
blood feuds still flare up, where the biblical injunction of an eye for 
an eye and a tooth for a tooth is followed to the letter, unless retribu¬ 
tion be made by the offender in the wealth of the land, namely live¬ 
stock, Here also young women are frankly and openly acquired by 
purchase, in accordance with Guajiran law, and a man may have 
as many wives as his purse, his years, and his fancy will allow. 

What are the factors* physical and cultural, that have made pos¬ 
sible the formation and the preservation of a distinct society and 
culture in this little-known comer of South America! Already the 
Spaniards found a vigorous culture flourishing there* with its own 
language, institutions, and pattern of occupancy {though it wsts they 
who introduced the domestic animals on which most of the present- 


l The fl&ld and library work on which tMfl paper la based was made poKSjfele 
by a grant of the Creole Petroleum Corp. Various departments of the or- 
^ran! ration cooperated In every way to farther the undertaking Thanks are 
due the ministries of the Yefitftuelnn and Colombian Gorora moots that helped 
to facilitate fieldwork Invoking movement hack and forth acros* the frontier; 
also to FrofeSsor fjorenM Monfoy and. Mr,. E, J. Lamb, who were of assistance 
at every step throughout the author's stay In Venezuela, To Dm Wood fin L, 
Butte and Guillermo ZnIoaffn T directors of the Creole Corp., the writer is espe¬ 
cially grateful* 
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day wealth of the Guajiros is based). la this harsh and hostile desert 
environment a nomadic or seminomadic people, widely disseminated, 
bus evolved and maintained a society with u highly developed group 
consciousness, though lacking, to bo sure, many of the features 
characteristic of modem life. Although this land and this people 
have had an international boundary superimposed upon them, the 
people nevertheless continue to be Guajiros, speaking their own 
language, wearing their own dress, thinking of themselves, not as 
Venezuelans or Colombians, but as Guajiros. The Venezuelan and 
Colombian Governments, despite the political boundary line, have 
been forced to recognize local laws and customs and to grant a high 
degree of local cultural autonomy. The observer cannot but wonder 
how such tenacity of cultural traits has been possible. A succinct dis¬ 
cussion of the physical and historical background, supplemented by 
observations in the field, may provide a basis for understanding 
some of the cultural forces that have been operative in the evolution 
and the cohesion of Guajira society, in spite of—or per imps because 
of—extremely unfavorable physical factors. 

Sot so long ago, geologically speaking, the northeastern part of the 
Guajira Peninsula, La Alta Guajira, was probably an island, cut off 
from the mainland by a dov> T nfaulted block or graben, one side of 
which ran from the Cabo de la Vela south past Cerro La Teta and 
into die Gulf of Venezuela. Gradually, during Quaternary time®, 
the shallow water covering this graben has been filled in with sedi¬ 
ments deposited largely by the Rio Italicheria and the Rio Faragoa- 
chon as they eroded the Sierra Nevada and the Montes de Oca. Large 
sectors of the pen insula north and east of Paraguaipoa and Maicao 
and almost as far north as Cerro La Teta, are inundated even today 
during the wet season; the mountains from which most of the waters 
come can sometimes be seen as dark spots on the distant southern 
horizon. Most of this urea is a vast plain of recent alluvium, covered 
with fine, fertile silt, and during pronounced droughts almost devoid 
of vegetation of any kind. It would be a garden spot if it could be 
irrigated rationally. A small amount of filling in has been carried 
on by the flash floods from the Serrania de Cocinas, at the base of 
which alluvial fans of coarse, unconsolidated debris have been formed. 

The coastline along this area of alluvial fill, from Mo Hacha to 
Cabo de la Vela in Colombia, and from Cojoro to Smamaica in 
Venezuela, consist® for tile most part of sandbars flanked either by a 
fringe of sand dunes or by lagoons into which sea water is allowed 
to enter in order to be evaporated for salt. Dune formation is ex¬ 
tremely active on the windward Venezuelan coast, from slightly west 
of Cast-illctes to Paraguaipoa. The dunes are moving inland at vary - 
ing rates, depend! ng on the strength of the wind locally. Scenes remi- 
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nigcent of tht sand wastes of the Sahara are encountered. In the 
shelter of the first line of dunes, in certain sectors, coconut groves 
have been planted, which anchor a considerable population. Slightly 
farther inland fields of millets can survive on the thin deposits of 
snnd- Between Parngunipoa and Sinaina ica the sandbar borders long 
stretches of salt fiats, which are exploited by the federal government. 

The nigged part of the peninsula lies northeast of the well-defined 
fault lines, where mountains up to 900 meters in elevation are found. 
The cores of the Scminias de Coeina, de Jarara, and de Macuira are 
formed largely of igneous intrust ves, and deposits of recent ulUi\ ium 
jn the form of coarse rubble are found at the base of these low moun¬ 
tains. Extensive alluvial fans and terraces on the windward sides 
of these igneous formations seem to be at two levels, the first anti 
higher level probably having been deposited when the mountains were 
higher and were therefore able to wring more moisture out of the 
winds. At the bare of the leeward slopes, over the area surrounding 
the shallow, bottle-necked embayment known as El Poriete, thick de¬ 
posits of unconsolidated sands and silts have been laid down. 

Just to the south of the Serranfa de Coeina, striking almost east- 
west, is an especially good section of the Cretaceous, with the caves 
and sinkholes typical of Karst topography. The whole complex of 
igneous cores and of indurated sedimentary deposits is in places cut 

by dikes of igneous intrusives. _ 

'Roads and trails in this rugged, mountainous part of the Guapra 
traverse bare windswept terraces of recent alluvium, mesalike plat¬ 
forms of sedimentary deposits and of igneous extrnsiveg, and canyons 
deeply incised into formations of limestones and shales, slightly dip¬ 
ping to vertical. 

The Guajira Peninsula is a dir land, where eva]>orntion far ex¬ 
ceeds precipitation, as in so many parts of the glolte at 10* to 15° 
north or south of the Equator. For where winds blow most of the 
time equator ward they are increasing in temperature, and as their 
temperature increases their capacity to absorb moisture increases. 
Hence they are drying winds and, when persistent, they create a 
situation in which evaporation is steadily greater than precipitation, 
with the result that desert or semidesert conditions prevail. This 
is true wherever such winds, the trade winds, blow for most of the 
year over a stretch of land of low elevation, whether it be in Africa 
or iu America, whether at 10M** north or south of the Equator. 
B is true of the small, low-lying islands of the Caribbean, such as 
Curacao and Margarita, as it is of most of Falcon, on the mainland 
of northern Venezuela, and as it is of the Guajira Peninsula. And 
the winds in the Guajira are rigorous enough to dry out and pick 
up sand from the beach for many miles and blow the particles in- 
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land, where they collect a few hundred meterg from the shore m the 
form of dunes that gradually migrate further landward. 

It is during the months when the low-pressure belt is over the 
area—'Usually from October to December—that the Guajira gets its 
scant precipitation from conventional rains. It seems to be generally 
true that the less rainfall a region has the more irregular and un¬ 
predictable it is* and the Guajira Peninsula is no exception to this 
rule. When it does rain, however the aspect of the landscape changes 
almost overnight. The seemingly dry and dead roots* plants, and 
shrubs at once begin to absorb the life-giving water and to send out 
shoots; seeds of grasses and forage plants, long dormant, begin to 
sprout, and many trees* long hare of leaves, are quickly covered with 
a canopy of foliage. And many are the Guajiros who hurriedly re¬ 
turn to the land of their birth, to plant their patches of millets and 
com, beans and melons. Then they enjoy a few months of compara¬ 
tive plenty* before the lean months, or years, again force them to 
migrate to Maracaibo, to the Perija foothills, or even farther from 
their beloved homeland. 

To be sure, here, too, as in many parts of the world, is heard the 
familiar lament for “the good old days”—in the land of the Guajira 
it is for the good old days when the rain was more abundant than 
now and people could grow more crops. One is told of certain areas 
in which crops that were grown 20 years ago can no longer lie grown, 
because the climate has become drier during the past generation. 
Perhaps the true reason is that the population, whose members are less 
inclined than formerly to cultivate marginal crops on marginal lands, 
is being siphoned off into other areas where economic opportunities 
are greater or more attractive. Some lands have become economically 
sitbmarginnl in an expanding national economy. Furthermore, the 
intensive health campaigns which have provided pure drinking water 
and diminished disease-bearing vectors, have resulted in a lowering 
of the death rate, especially the rate of infant mortality, with a con¬ 
sequent increase in population, which in turn increases the pressure 
on the food supply. At the same time more attractive economic op¬ 
portunities elsewhere in the Republic, and the improvement of roads, 
coupled with the availability of motor vehicles, have helped to bring 
about a strong current of migration away from the Guajira. The 
net result is the same as if there had been an actual change in the 
physical climate. 

Rights to real property, both surface and subsurface, are at the 
present time vested in the nation. Title to land, on which to build 
a house, in the victnity of an urban agglomeration such as Para- 
guaipoa, can be granted by the Concejo Municipal. Over moat of 
the Peninsula, however, land that can be used for agriculture is simply 
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1, Tnllglil in the Gujjira. 
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2. Watering goat* by hand. 
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1. Children picking cotton from native pJarrw which a [rain a height of 12 to IS feet- 



2. Spinning thread by hand from the raw cotton, 



Whioaiu -Crilt Pl-ATE 6 



1- The weaving i>f a. hammock is * cooperative family enterprise. 



2, Large jara, or tfiu/tr* arc fashioned without the use of the potter's wheel* 



SnikhiWHAJt faparL. tW.-Cral 



L Children help with the family' food tupply by gathering lit fruits of the low, krttuJ- 

leaved wtuk. 



J. Gu*]i™ iettled for the weekend m the wdttid* of t Ay ‘tore. Goat meat ii drying 

on the roof at the right. 
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Plate b 



1. Drummer ni a chick# may a da lire, witEi a black-faced dancer 
in the background.- The monotony of life on the desert 
» relicicd by [he unicty and social enjoyment of ihe dance. 



2, An aspect of the chtchiitnitya dance, The man tkacks &Wa>- from hit partner* wlrt> Irk* 
to tnp mm wp; when ihii happen* he ii out of the danccj and another taker hit place. 
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I. Andthcr n*pvti nf the (kkkamnya darcec- Observer* may at any time become partfci- 
pantl, and rims the fast tempo li ki;p? up hour after hour. 



2, The Guajirot rewmbfe Bedouin* .it they ride acroii ihctr tnide-wmJ-twept pcntmulv 










PLATE 10 



l- A family on the move make) camp m a fen- minute). 



2 . When he dim, the Guajim ii burled in the floor of his hou*e where food and tilfhen 
urensiti are left for hi) u*e. The tunrivon abantk.fr the hou« for good. 
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fenced in and cultivated. As long as the fence of organ cactus or 
thorn brush is kept intact and the land is actually cultivated, the 
usufruct thereof belongs to the cultivator. Wien the land is no longer 
cultivated and fences fall into disrepair, it reverts to the community, 
or goes to someone else who wants to work it. When the land is un¬ 
fenced or unworked, the surface rights are assumed to belong to the 
collectivity, for animals graze over long distances. 1 ho interna¬ 
tional boimdarv is meaningless to the Guajiro; it is crossed by him 
and his flocks*at will in the never-ending search for pasture and 
water. Indeed he takes no account of it in any of the phases of Ins 
send nomadic life. It is, in short, as if k did not exist. 

Here, as in most arid regions, rights to water are more important 
than rights to land. Those who have become wealthy, those who 
own the largest flocks and herds, are those who have managed to get 

control of ape™* 116111 ^PP 1 ? of watOT ‘ eith J' Cllia Jfr 

an old jagueyy or pond, or they have dug or drilled a well on which 

a windmill is installed to lift the water, or they ave appropria , 
and perhaps deepened, a eosi'mia, or open, dug well. 

The federal governments are cognisant of the importance of pure 
drinking water for people and for their animals and the work 
being done by the Venezuelan Ministry of Agriculture and Hus¬ 
band rv-dr tiling wells, installing windmills, digging large jaguey* 
and carried on with the idea that the water w ill be avail¬ 

able at all times to the collectivity, on equal terms to all (1 l. 

1.) In the Colombian Guajira, the federal government is making 
extensive use of modern heavy equipment to build reservetr^an im¬ 
provement over the old-fashioned j^^y-which are filled ^Jen it 
rains, and some of the old catdmbm are being deepened and lined with 
cement walls. Whether the water is lifted by wind power or by hu¬ 
man brawn, these watering places are still among the most important 
and the most colorful of the foci or community centers where Guapros 

“i^Tprab.bilitj tl,e cultural factor of greatest sfgmlicaoo. ha tbe 
life of tbe Venezuelan Gnajirn of recent date baa been Hr. construc¬ 
tion of the good, eB-weether highnaj from Maracaibo to Panrgua- 
In many parte of the nerld, *hen btgl.naja hare beat “fc 
into fertile, Wisely inhabited regiona, settlement rmmedrately 

“^Tonhe moat notable crumples of Ibis phenomenon is to bo fmmd 
along many kilometers of the nercly constructed Carretnnr Pan- 
americana inrth of Ink- Mamcaibo, nhere nbat trM JlSl taS 
ago dense tropical rainforest baa already o’icr ™ _ . t jjj c 

converted into cattle ranchos. But a highway is or w ^ 

If it extends from a highly developed area to one which is poor, in 
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which it is difficult to make a living, or in which the political climate 
is unfavorable, then there tends to be a flow of population away from 
the poorer area toward the more highly developed one. This trend 
has been marked in the Guajira, which has been a kind of human 
reservoir in which the pressure of population upon the physical 
resources has been greater than it has been elsewhere in the nation. 
When such a region is tapped by a road, pressure is released by the 
migration over it of a part of its population. Witness the great 
exodus of Guajiros to Maracaibo, to the cattle ranches of the foothills 
of the Sierra de Peri ja, and toward other parts of the republic. The 
French in North Africa constructed magnificent highways into the 
great desert of the Sahara, thus facilitating the migration of hun¬ 
dreds of thousands of Bedouins into the Atlas Mountains and oven 
into the cities of Morocco, Algeria, and Tunisia. Be it noted that 
the£e liberty-loving nomads have proved to be some of the most vig¬ 
orous fighters against French colonialism* 

The Guajiro equivalent of the old saying that ‘‘all roads lead to 
Rome* 1 would be that 4t all trails lead to Faraguaipoa.*’ Over the 
entire peninsula there is a ceaseless coming and going, both diumafly 
and seasonally, on the part of shepherds in search of water and pasture 
for their flocks of sheep and goats, but when animals are ready for 
sale, they move gradually toward the brisk market in Paraguulpoa, 
as inevitably as water runs down hill, in response to the pull of the 
high prices obtaining there. Flocks vary w idely in size from those 
of two, three, or five animals to flocks containing scores. Animals 
are sometimes taken (4 in trade*’ by the owners of the little stores scat¬ 
tered around the peninsula and are by them driven or shipped by 
truck to Faraguaipoa. At other times the owners themselves drive 
their flocks to market Setting out with their entire families, on foot, 
on horseback, on burros, they may take days or even weeks to arrive, 
camping each night on the way where darkness overtakes them, for 
they allow the animals to browse leisurely as they move along. On 
the outskirts of Paraguaipon, all through Saturday afternoon and 
Sunday, flocks continue to arrive, and the picturesque shepherds and 
their families establish themselves on the windswept plain in prepara¬ 
tion for the big Monday market day. At night for a radius of several 
kilometers west of Paragunipoa the sand is clotted with campfires, 
around which families and friends gather to eat and drink and gossip. 
Early Monday morning merchants from Maracaibo come in by truck, 
buy up animals in lots, and return with them to the city the same 
afternoon. After selling their flocks, the Guajiros wander around 
in little groups; they buy yard goods and foodstuffs —panda ^ 
crude sugar, cooking oil, and other necessities—and by late afternoon 
they are ready to begin the long trek back to their homes in the bush. 
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The feeling that comes over the traveler as lie leaves Paraguaipoa 
to enter the desert of the Guajira is in many respects comparable to 
that experienced by one boarding n ship. A 3 the ship puts out to sea 
the traveler is effectively cut off from all that goes with his modem 
ivorld; lie will receive no letters, friends cannot drop in on him, 
and he cannot be reached by telephone. Similarly, as be moves out 
into the desert beyond Paraguaipoa, he realizes that he is, as it were, 
isolated and on his own for as long as he stays away from that narrow 
black strip of asphalt that ties him to Maracaibo and to all that is 
associated with modem urban life : juke boxes and traffic jams, cock¬ 
tail parties, and a kind of breathless living full of forced and synthetic 
enthusiasms. In the desert one most bo self-sufficient, one must live 
on his own inner spiritual resources and not be dependent on his fel¬ 
lows for companionship or excitement. And as night overtakes him, 
and the sun goes down behind the giant organ cactus, and the stats 
come out so bright and seemingly close enough to touch, and the songs 
of the birds are stilled, then the traveler feels that he is indeed alone. 
(PI. 1, fig. 1.) Only the persistent trade winds continue to hasten 
on about their business, blowing through the scant!y leaved trees and 
bushes. TV hat a haven then the solitary thatched hut, from which 
the friendly and hospitable Guajira host greets the traveler with the 
words anahi pi £—“You have arrived*'—the simple statement that 
serves as an invitation to stop in ids humble home t And indeed the 
house is usually equipped to take cam of friends and strangers, 
nomads or semi nomads like himself, for the enramada, or framework 
of upright posts covered over with thatch of palm or slats of the 
organ cactus, is placed just outside most Guajiro dwellings, and it. is 
here that the traveler swings his hammock, whether lie be a traveler 
who rests there a few hours in the afternoon, the late-comer who 
stays all night, or the relative or friend who may tarry for days 
or weeks. 

More important than the market, as centers of daily intercourse, 
are the widely scattered watorholes. In fact, a largo part of the life 
m any desert area is carried on around springs and wells, natural 
or manmade, be it in the Guajira or in the Sahara or in Arabia 
Deserts. Since time immemorial the Guajiros have dug wells during 
the long dry months in dry river beds, or in alluvium or in sand 
dunes, in order to reach the life-giving water. As the water table 
goes down, the well is simply dug deeper. These waterholes are 
known as casimbaa. People come to them in a constant stream from 
many kilometers in all directions. If the casimba is deep, a crude 
scaffolding is built out over it so that the continuous procession of 
men and women can walk out over the water and lower their jtR, 
buckets, or cans to fill them. (Pi. 1, fig. 2.) At a little distance 


346 annual report smithsqnian institution, res 7 

from the cmlmha itself troughs are set up from which goats, sheep, 
donkey a, and cattle drink, and hatem j, or wooden basins, are filled 
with water in which clothes are washed and small children are bathed. 
(PL 3, figs* 1 and 2.) After the people have slaked their thirst and 
that of their animals, and have bathed and washed their clothes, 
they load their donkeys with great jars of water to be used at home, 
often many kilometers away. The places of those who leave are 
taken by those newly arriving, and the lively pageant continues 
throughout tlie day. Similar scenes are enacted around the springs 
or oases of the Sahara and Arabia, 

The grim struggle for the barest existence—for mere survival—is 
to be observed in the life of plants and animals as well as in the life 
of man. Many trees and shrubs are fhorned, or of bitter taste or 
pungent smell, as a protection against enemies, and most of them are 
scantly leaved and of tluck bark, in order to conserve all the moisture 
possible. The struggle of man with hie environment is no less grim. 
When the drought is sore upon the land, and food supplies dwindle 
rapidly with no possibility of Immediate replenishment, small children 
rove the sectors of fiat-knved cactus, the fruits of which they knock 
off into gourd bowls with sticks. When the bowls are filled they 
empty them on the ground and roll them about with twigs and thus 
remove the protecting tufts of tiny fine spines* All day long the 
children gorge themselves on the luscious fruit and in the evening they 
take their sacks and containers to their homes, where the parents 
eke out their frugal meal with those fruits. The fruits not eaten raw 
are peeled and cooked and placed in large earthen jars to ferment 
and form chicha^ a drink highly prized by the Guajiros* 

Over die centuries poor children have often been bribed or forcibly 
caught by so-called civilized people to be sold into slavery. Hence 
their parents warn them to be wary of strangers, and fill their tender 
minds with horror tales about Iddnapiugs, actual or invented; the 
vivid imaginations of the children invest these accounts with all sorts 
of fiendish overtones. The result is that when a Etranger comes upon 
these children in the hush, they frequently take to their heals and 
flee like wild animals. Tills happened on one occasion when at our 
approach four children were surprised gathering cactus fruits. Two 
of them took off through the scrub like rabbits and were not seen 
again. The two others had left their fiber bags and gourd shells 
of fruit near the road, and, fearful of losing their prizes, they stopped 
a few hundred yards away and looked back* The kindly, tactful 
interpreter was gradually able to convince them that we meant no 
harm. Little by little these two urchins, burnt black by the broiling 
sun of this part of the world, and ready to fly at the slightest false 
move on our part, edged back to their belongings and talked to the in- 
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terpreter, who manifested great interest in the fruits and ill how they 
were gathered. By his gentle demeanor and the distribution of candy 
at a propitious moment, ha gradually got the elder of the two—a 
charming little girl, at first scared half to death—to pose in the act 
of knocking the little fruits into the gourd, and to explain the whole 
process of gathering them and of making chioha out of those not 
consumed raw. (PI 7, fig. 1.) One’s faith in humanity and its 
future is immeasurably strengthened by observing these children, 
conditioned from their tendered years to assist uncomplainingly 
in the ceaseless struggle for survival where nature is so barren 
and niggardly. 

Tha harshness of the physical environment predisposes the sparse 
population to a nomadic existence (pl + 10, fig. 1), but cultural factors 
as well are operative. One wonders why, for instance, with so much 
space available, the Guajiros live in tiny cramped huts, all packed 
tightly together. To this question my interpreter answered with two 
words: poverty and custom. The Guajiro is so poor that he cannot 
afford to construct a roomy, solidly built house. And why should 
he I For whenever a death occurs in a house the family abandons if^ 
and no good Guajiro would ran the risk of living in the house again, 
(PL 10 ? fig. S.) After a death the various parte of the dwelling, 
with the are used for a while as a place in which to re¬ 

ceive relatives and friends from a distance, but after three or four 
days or at most a week, when the ■usZ-ono, or the wake and re¬ 
ception, are over, the family moves away,, at least 2 or 3 kilometers, 
and builds another house. Near Cojoro, a new house, substantially 
constructed, with cement floor and walls and a tin roof, was abandoned 
by the owner, after the death of a son, and left to fall into ruin. The 
Indians who have migrated to Maracaibo, or who have absorbed 
Spanish culture* do not, to be sure, move from their house when a 
death has occurred* My interpreter told me that he would not leave 
his house because of a death, but his father-in-law, a wealthy Guajiro, 
moved from Jepi to Copra, 30 kilometers away, when his eldest 
daughter died in childbirth, and when his second daughter died of 
galloping pneumonia he moved another 30 kilometers to La Gloria 
near Paraguaipoa* Thus a basic cultural factor orients the people 
toward nomadism or seminomadism, rather than in the direction of 
a sedentary life. Such a factor will remain potent long after heroic 
attempts have been made to make the people sedentary by digging 
new wells, teaching new techniques of dry farming, and so on. 

Another factor that has favored a certain amount of migration or 
semi nomadism is the pito or a kind of outsized winged bed¬ 

bug, found in many sectors* Its normal habitat is the thatch roof a 
or the cracks in the daub^end-wattle walls- From their hiding places 
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these vermin come out at night, descending tho ropes that sustain the 
hammocks or crawling out to the sleeping mats on the floor, and feed 
on their sleeping hosts. It is said that the kings of France moved 
from palace to palace as the bedbugs along with other vermin became 
so numerous as to make sleep impossible. By the same token the 
Guajiros are not averse to migrating in order to flee from the ravages 
of these revolting pests, which in Brazil and in the western llanos of 
Venezuela have been found to be the vectors of the Chagas disease, a 
close relative of African sleeping sickness. Fortunately the construc¬ 
tion of houses with cement floors and walls and tin roofs, and the 
widespread use of DDT, are gradually diminishing this dread pest. 

The Guajira is a land of hammocks, in which people sleep, sit, and 
spend their leisure hours, in which children are conceived, and in 
which old people breathe their last and are buried. As soon as a baby 
is bom in a Guajiro household, it is put into its own diminutive 
hammock; when visitors arrive at a Gunjiro home, hammocks are 
immediately hung for their comfort. Chairs are rarely seen and even 
more rarely used. The making of hammocks in the home is a craft 
learned early by the womenfolk and practiced all their lives. They 
are of two types, the closely woven hamaca, and the looser-meshed 
chinchorro, both worked with elaborate designs and gay color combi¬ 
nations as well as of solid white. Some of the handsomest hammocks 
made anywhere in the Americas are turned out on primitive hand 
looms by these master crafts women. The making of a fine hammock, 
a cooperative family enterprise, requires from one to several months, 
depending oil the number of women or girls who work on it. {Pi. 6, 
%. 1.) As they find some spare time between their other household 
chores, the womenfolk sit down on the floor in front of the loom, one 
working at it now alone, now accompanied by her mother, her sisters, 
or other female relatives. Thera is no deadline or fixed date on 
which the work must be finished, and much friendly gossip is ex¬ 
changed ns the chore progresses and as deft fingers move so rapidly 
at their task that their manipulations are hardly visible to the 
naked eye. 

GuajEro women wear the manta, a kind of loose, flowing, long- 
sleeved Mother Hubbard, formerly of coarse, homespun cotton doth 
and simpler cut, now usually of imported yard goods of bright hues 
and lively patterns. Under this garment it is customary to wear only 
a sort of bikini, a wide band of doth held by a cirapa, a belt made of 
many strings of beads. In former days the principal female garment 
was a homespun cotton tunic, slipped over the head, or merely an 
ampler breechcloth (the latter garb appearing in pictures of only & 
quarter of a century ago). This has given way in large part to the 
more elaborate manta, an adjustment to the climate in many ways 
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similar to the loose-flowing robes of the Bedouins, Indeed when 
traveling on their donkeys, with a billowing capo or pafiudo over 
their large straw hats flapping in the vigorous trade winds, they re¬ 
semble the Old World Bedouin women, (PI. Mg, 2.) The manta 
and its forerunner, the tunic, betray the “civilizing” influence of the 
missionaries. 

The men wear a very brief guayvco y or breechelout, so curtailed as 
to make a bikini bathing short seem like a full-dress uniform. The 
gxtayuco is secured, front and back, by a broad, bright-colored, finely 
crocheted belt, which is wrapped around the waist and from which 
the gaily tasseled, crocheted money bag hangs down at the side. (11. 
2, fig. 1.) Bag and belt, worked m intricate patterns and vivid color 
combinations, are made by each Guajiro woman for her husband. At 
the present time, especially for wear in town, moat of the men have 
adopted the shirt, and they often cover their legs with a short draped 
skirt of yard goods or with trousers, but at home or traveling across 
the desert many still wear only the guayuco. Men, as well as women, 
ft re bedecked with beads and jewelry* 

The most humble hut may be the center of ft household industry, 
or craft, or of many industries There is, to be sure, a certain amount 
of specialisation in each home' frequently, however, a number of 
activities are engaged in simultaneously in tire same house. One person 
will be laboriously seeding by hand cotton bolls picked from bus ics 
m a tiny plot nearby (pi. 5, fig. 1): another will be spinning thread 
with a primitive hand whorl or spindle (pi. 5, %- 2), or weaving a 
hammock on a hand loom from spools of thread already spun, while 
still another may bo making or polishing clay pots before firing them. 
In the kitchen,"ot the same time, bitter ynce may be in process of 
being ground for the manufacture of food or starch. Bitter yuca 
is used for food here as it is in so many parts of tropical America, 
and the juice, which is poisonous unless processed, is made into » 
pleasant, refreshing beverage which is drunk like chtcha, the fer- 

merited liquor made from corn. . 

Water containers, one of tlia basic necessities, particularly in ft 
desert area, are of several kinds, natural and manmade. fcfll< 

shelled fruits of the totimo tree furnish small containers of varying 
sizes arid shapes; coconut shells arc fashioned into simple spoons an 
cups, and a vine similar to a squash or pumpkin vine pro uees t re 
tfmuro, * huge green pear-shaped fruit with a hard shell, which, when 
cleaned of its pith and seeds, will hold a gallon and a half to - gallons 
of water. In shape it is very much like the jars of clay, w ue i arc 
made here and there as a household industry. The process o ma mg 
these earthen jars is complicated and time consuming and it is earned 
on under extremely primitive conditions, (PI. l*o' ®-) ^ 
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brought in on donkeybeick from some distant deposit of day or bed 
of indurated, clayey shale; it is ground into a powder in a hand 
mortar, mixed with water to achieve the right consistency, and la¬ 
boriously , but most dexterously, built up by hand* without the use 
of the potter’s wheel. Once properly fashioned, the jar is dried m 
the sun for a day or two before it is carefully polished by scraping 
and sanding, and then crudely painted with btjti , a natural-colored 
red or brown clay. After this it is ready for firing over a slow fire 
of dried cow dung, the pieces of which are still a little green inside 
in order to make a alow, hot lire. It is difficult to conceive the mis¬ 
erably puny output of a few jars a week that results from this toil¬ 
some labor. A large jar holding about 3 gallons sells for a dollar 
to a dollar and a half, depending on whether the area is under the 
influence of the Colombian peso or the Venezuelan bolivar. These 
jars may be fitted into openwork fiber bags which can be hung onto 
the pack saddles of donkeys for transport over long distances. 

One pottery maker complained that the light had gone out of her life 
and that she worked on in darkness because her two daughters had 
left, together with a cousin, In a truck for Ziruma (the Guajiro 
slum section of Maracaibo), and had not been heard of since. They 
seemed to have been swallowed up, and try as she might she could 
find no trace of them. She said that she had cried till the fountain of 
her tears had dried up* and that life held little attraction for her if 
she could not find her daughters. Sad and pinched were her features 
as she tried to force a smile of gratitude when she was offered a little 
candy and tobacco. She was somewhat vainly hoping to be able to 
make a better living so that her one remaining daughter, now 10 
years old and soon to change into a woman, would want to stay on 
with her and would not turn her thoughts to leaving* She fervently 
yearned to keep some blood relation with her, to share her life and 
her work, for at best she could look forward only to a penniless and 
friendless old age, living alone in the vast, immutable desert, unfeeling 
and inscrutable, with the trade winds soughing through the spiny 
branches of the giant organ cactus. She was the epitome of tragedy, 
of the gnef of a mother at the lose of the children of her womb, of 
sadness as immemorial as man on this earth, and as poignant as the 
immortal themes rehearsed on the Greek stage during its Golden Age. 

One of the most interesting of the Guajiro customs is that of the 
enri&rro or the period of sequestration or confinement of 

several months, or even years, for the girl during puberty, commencing 
when, as they say, she begins to ^form&r&e ™—to acquire a woman’s 
figure—and lasting from one month to two years, the length depend¬ 
ing somewhat on her social position. During that time she is kept 
indoors and is not allowed to see men or to he seen by therm She 
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1 earns mid practices, in what is a period of i tilensiva domestic train¬ 
ing, the arts of cooking, making chicka, and weaving hammocks* 
The first hammock she completes is her own, to be put by for use in 
her future home. Kept out of the strong wind and the blistering 
sun, her skin becomes pale, soft, and velvety, and when she comes 
out of the blansftieo she is ready for sale (somewhat as in our so¬ 
ciety a girl 19 ready for the marriage market after her ^coming 
out* J party), 

A man buys a bride for a specified number of sheep, goats, eatLle, 
and donkeys, or their cash equivalent* His friends help him in the 
task of arriving at the bride price, one giving a sheep, another two 
donkeys, another ten goats, and so on. In our society at the time 
of marriage, wedding invitations are sent out, resulting in presents 
from friends for the future household, whereas the prospective Guajiro 
groom receives actual, timely assistance from his friends in something 
that counts in acquiring ft wife—livestock- If the bride is the eldest 
daughter, her price goes to her father and it cannot be less than the 
price he had to pay for her mother. The price of the other daughters 
belongs to the mother or to a maternal uncle. The bride price varies 
from a few goats to as high as 15,000 bolivars (about $5,000), de¬ 
pending mainly upon the wealth and standing of the brides family. 
Polygamy is an established practice among the men, some of whom 
are known to possess m many as 20 wives. Even to poor men plural 
wives are an asset, for women not only perform the laborious house¬ 
hold chords but work the holds as well. A few Guajiros are famous 
for maintaining 10 or more wives in one household; husbands in gen¬ 
eral, however, take the precaution of keeping their wives in widely 
separated establishments. 

The diet of the vast majority of the Guajiros is limited. Malnutri¬ 
tion and actual hunger are not uncommon during dry seasons, when 
the meal may consist of water sweetened with crude brown sugar, 
and perhaps wild fruits in season. In periods of prolonged drought 
many are the days when whole families must subsist on the fleshy 
pulp of the organ cac tus, which is cooked to make it edible—a filling, 
however bitter and unpalatable, dish. When the rains come, food 
crops such as com, beans, pumpkins, and millets thrive; corn and 
millets are used also in the making of the refreshing chwhu 7 and it is 
said that millets produce a drink even more pleasant than corn. 
Bitter yuca (Mamhe! esculent**} is able to survive the drought in 
certain plots of alluvial soil. The small fruits of the round-leaved 
cactus, as has already been related, are used both for eating and for 
making chieka. When the dates } or fruit, of the high organ cactus 
are in season, they are eagerly sought for by all, and many go 
equipped with a long stick with prongs on the end with which to 
gather the fruits as they come upon them* (Pi. 4, fig- 20 Along the 


352 ANNUAL REPORT SMITHSONIAN INSTITUTION, 19&T 

sectors of the coast where coconut palms thrive, these: trees provide 
one of the principal crops, but only one with some financial batting 
can undertake to plant a grove, because his family must somehow 
live while waiting the 3 or 4 years until the trees begin to bear. In 
these groves hogs are fattened on the residue of coconut meats after 
tlie oil has been extracted; they are kept in pens off the ground so 
that they cannot run off the fat they accumulate. 

In recent years there has been a steady rise in the high rates of 
natural increase among this population, inured as it is to extremely 
unfavorable living conditions, in spite of dire predictions to the 
contrary. 1 Those who live through infancy are tough—they prove 
it by their survival. Moreover, interest in improving general health 
conditions, particularly in the field of infant care, has been aroused on 
a national scale, with the result that in the Guajira, too, the rate of 
infant mortality, though still high, has been greatly decreased. Gov* 
ernment-sponsored public-health measures are being pushed. Even 
in remote corners of Venezuela houses are regularly sprayed with 
DDT to eradicate malarial mosquitoes, as well as other household 
vermin. The drilling of wells and the installation of windmills, 
in many sectors of the Guo jira on both sides of the border, to provide 
an adequate supply of uncontaminated water for human and animal 
consumption, has gone a long wily toward decreasing the incidence 
of gastroenteritis, dysentery, typhoid, and other water-borne diseases, 
which are still among the leading causes of death. 

The per capita consumption of alcohol in the Guajira appears to 
be exceedingly high. Each little store lost in the immensity of the 
bush, even when its entire stock is not worth more than n few dollars, 
has on hand a barrel of firewater. The tired wayfarer or visitor often is 
proffered an alcoholic drink, or a dozen drinks, rather than food. 
Tremendous quantities of beer and hard liquors are drunk with no 
thought of eating anything at all. On one occasion, my chauffeur and 
his host (the husband of his cousin), while waiting for breakfast, 
tossed off six cold beers, presumably by way of recovering from tbe 
long bout of the night before. As a binge continues on into its sec¬ 
ond or third day, or longer, less and less thought will be given to the 
consumption of solid food. After an Indian lias performed a piece of 
hard manual labor—changing and repairing the tire of a truck, for 
exam pie—it is customary to give him a shot or more of powerful fire¬ 
water, rather than a substantial meal, by way of compensation. To 
bo sure, the reward of a drink has become so common and accepted 
that it would perhaps come os an unwelcome innovation if food were 
offered instead. One cannot but feel, however, that a half-and-half 


* W oat on, Julian A. T The cactus eaters, p. 130. Lontlov, 103T. 
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arrangement might well be substituted, for a gradual shift from 
strong drink to wholesome food would certainly be ft step in the di¬ 
rection of increased hours of productiveness—one might even add, of 
consciousness, in view of the long hours and days that are passed by 
all too many, and too often, in a sodden stupor. Nor is it a happy 
sight to see a group of Guajiro men, just returned from Maracaibo 
with a neat sum of hard-earned bolivars, spending their savings of 6 
months or a year in a week's carousal, on their way home, in some 
tiny country store. 

These thatch-roofed, or at present more often tin-roofed, little 
stores, seemingly lost in tho vast expanse of scattered bush, act as 
community centers: along with the vnterholes and tlie large markets 
of Pamguaipoa and llatcao, they are the economic and social foci of 
the population of semiuomadic herdsmen and of more or less sedentary 
people anchored to their small garden plots and their looms. The 
forlorn, lackluster look of these little centers during the week has 
nothing in common with their appearance on holidays or weekends. 
As early as Friday families of Indians from outlying areas begin 
to arrive, silently stretching their hammocks, spreading their pro¬ 
visions of dried goat meat on the roof of the enramada or on the 
branches of a convenient thorn bush, stacking the fiber bags of their 
few belongings in piles nearby, and otherwise making ready to spend 
several days. (PL 7, fig. 2.) So much of their lives is nomadic that 
it is easy for them to make themselves at homo wherever they are. 
They bring to the little store the goats, sheep, or lambs, the calves, 
chickens, or eggs they arc planning to turn into cash. All too often 
they take their pay in hard liquor or in flashy trade goods they may 
want but do not particularly need. As the day wears on, little clus¬ 
ters of people form around a rickety table in the lean-to of the 
store itself, around hammocks in the enTd'rtutda close by, or in silent 
circles under the branches of the scant-leaved trees. The menfolk 
tend to hang around the store where they drink a lot, talk a lot, and 
forget their everyday tasks: the women form little groups, silent for 
the most part, now looking fondly, with soft, black, liquid eyes, at 
the baby at the breast or asleep in its tiny hammock, now glancing, 
perhaps with a trace of apprehension, across the narrow strip of 
space in the full glare of oppressive sunlight, at the menfolk around 
the store getting louder and drunker, or more often gazing fixedly 
at the outline of cactus-studded hills in the distance, bathed in the 
blue-gray haze. 

With regard to money prices for goods exchanged, an interesting 
phenomenon has arisen as a result of the international boundary 
which runs through the Gnnjirft; the influence of the stronger 
economy, or at least the stronger currency, that does not respect 
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frontiers. For many kilometers into the Colombian Guajim all prices 
are quoted in Venezuelan currency, which is the only medium of 
exchange. Even a poor herd?.man with his goat or sheep to sell, or 
the housewife with her chickens and eggs* quotes prices in bolivars. 
Against this type of subtle, intangible economic penetration govern¬ 
ments are virtually powerless to act. Boundary Une* automatically 
broaden into frontier It would be a fascinating study to trace 

along the various routes from Venezuela into Colombia the depth of 
the area under the influence of the bolivar. The storekeeper not in¬ 
frequently makes a huge profit on goods that ho buys in Colombian 
pesos and sells for the same number of bolivars, although the bolivar 
is worth twice as much as the peso. His percentage of profit under 
such favorable circumstances is at least 100 percent. Sometimes he 
charges even more. There seems to be a kind of Guajira wireless 
system that enables the most distant storekeeper to know the rate of 
exchange, for the bolivar rate for the peso closely follows the rate 
of the dollar against the peso in the free market, as quoted in Bogota, 
Since the Spaniards found no gold in the Guajira Peninsula and 
no large body of industrious agricultural Indians to subject, they 
largely bypassed it and paid scant attention to its people. Their 
example has been rather generally followed by the national govern¬ 
ments, with the result that a high degree of cultural and political 
autonomy has been preserved* The Spaniards were responsible, 
however, for introducing homed cattle and donkeys, sheep, goats, 
chickens, and hogs* When one realizes that practically everything 
that today represents wealth for the Guajiro was introduced in the 
Colonial period, one cannot but wonder what the basts of the pre- 
Colombian economy was. The Guajiros must have lived on deer and 
rabbits and shellfish (and the presence of kitchen middens of large 
extent would support this view) along with primitive agriculture on 
email plots. Perhaps they carried on a certain amount of trade along 
the north coast of Colombia and into the Lake Maracaibo Basin. 
Rut the carrying capacity of the land of die peninsula with&ut 
the domestic animals that were introduced from the Old World must 
have been much less than it is at the present time; in other words, 
the Guajiros must have been many fewer in number than they are 
today* To be sure, the Dutch Boers in South Africa originally 
settled as intensive agriculturalists around Capetown and became 
nomadic herdsmen as they migrated inland, but they had vast acre- 
nges of good land available amd a large native population to exploit 
Even now, in spite of recent increases, the Guajiros are few in 
number* (No systematic census has been taken. Estimates vary 
widely from SO,000 to 130,000, including both sides of the Peninsula,) 
The Guajiros wrest their living from a harsh and hostile environ- 
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merit, Most of the basic items of their material cult are have been 
introduced. Yet over the centuries the elements of their nonmateml 
culture seem to have suffered almost no change* We must look to 
cultural factors for an explanation. 

Whereas in Western society a patriarchal and patrilinear system 
prevails, the family consisting of father* mother* and children* with 
the father acting as head of the household* Guajira society is matri- 
tinear* the family consisting of the mother and her children and the 
blood relations on the mother's side of the house* the father being 
but loosely attached to the group* and a maternal uncle serving as 
head. The husband controls his wife, but not the disposition of her 
children* except that the bride price of the first daughter belongs 
to him. Children have relatively few obligations toward their fathers, 
but they are an integral part of the closely knit, nuclear* and extensive 
family of their mother, and they take their mother’s name* They 
live the most impressionable years of their lives in a cultural climate 
that is strictly Guajiro, they become imbued with the culture of their 
mothers—Guajiro culture* The children of Guajiro mothers, whether 
their fathers are Indian, Negro, zambo, white, or mestizo—and a 
considerable amount of intermarriage occurs—for the most part 
grow up Guajiros. Some Guajiros, mestizos as well as purebloods* 
that have been educated in Maracaibo or Barranquilla* Caracas or 
Bogota, are happy to return to the land of their childhood, put on 
Guajiro dress, and assume the way of life they lived as children. 

Guajiro society has thus been able to absorb new racial strains, and 
new elements of material culture, such as domestic animals, without 
the loss of any of the essential characteristics of Guajiro culture. It 
is not a question of whether “blood will tell,” but rather of whether 
culture will tell, and in the case of the Guajiros we have a textbook 
example of a societal organization in which the cultural factor has 
outweighed by far the racial and economic factors. Perhaps with¬ 
out the matrilinear family and the solidarity of that culture-conscious 
unit no society capable of putting down roots in the refractory 
Guajiro soil would have evolved, much less survived to achieve a 
eociohistorical continuum* No such tenacious and long-lived in¬ 
digenous culture grew up among the Indians on the Paragu&ni 
PeninanliLp for instance, or in what is now Palcbn* 






















The Nature of Viruses, Cancer, Genes, and 
Life —A Declaration of Dependence 1 


By Wendell M, Stanley 

PtoJeMr Biochemistry mid DiWlQrof rjW Finn Laboratory 
University o/ Cohf&tnia 


Each of the four topics mentioned in the title of this lecture is sub* 
9tautial enough to warrant having an entire lecture devoted to it 
alone. Actually a proper and full discussion of viruses, of cancer, 
of genes, or of life would require many houra. It may, therefore, 
appear quite presumptuous to have included all four in the title of 
a single lecture* But let me hasten to indicate that I do not pro¬ 
pose to attempt to develop these topics as such, but that I do propose 
to sketch in certain basic information and then to devote most of my 
time to a discussion of new relationships between these four subjects, 
relationships which I believe to be of the utmost importance* 

Kecent scientific discoveries, especially in the virus field, are throw¬ 
ing new light on the basic nature of viruses and on the pebble nature 
of cancer, genes, and even life itself* These discoveries are providing 
evidence for relationships between these four subjects which indicate 
that one may be dependent upon another to an extent, not fully ap¬ 
preciated heretofore, and hence the time is appropriate for a declara¬ 
tion of the nature of the dependence that may be involved. loo often 
one works and thinks within too narrow a range and hence fails to 
recognize the significance of certain facts for other areas. Some* 
times the important new ideas and subsequent fundamental discover¬ 
ies come from the borderline areas between two well-established fields 
of investigation. I trust, therefore, that this declaration of depend¬ 
ence will result in the synthesis of new ideas regarding viruses, can¬ 
cer, genes, and life, and that these ideas in turn will result m the 
doing of new experiments which may provide the basis for funda¬ 
mental discoveries in these fields which are so important to every one 
of us. 


«Feares* Memorial Lecture, April 25, 1&57. Reprinted bv i*rmls3lga from 
Proceedings of Use American rMLosopblcnl Society toL 101> No. 4. Aosnat 1957. 
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Now? I suppose there ia no doubt that, of the four topics, life is the 
one most people would consider to be of the greatest importance. 
One would think that the nature of life would be easy to define since 
we are all experiencing it* However* just as life means different 
things to different people, we find that in reality it is extremely diffi¬ 
cult to define just what we mean by life or by a living agent in its 
most simple form. There is no difficulty in recognising an agent els 
living or nonliving so long as we contemplate structures such as man, 
cats, and dogs, or even small organisms such as the bacteria, or, at the 
other extreme, st ructures such as a piece of iron or glass, an atom of 
hydrogen, or even a molecule of w ater, sugar, or of our blood pigment, 
hemoglobin. The former are examples of animate or living agents 
whereas the latter are examples of inanimate or nonliving tilings. 
But what is the true nature of the difference between a man and a 
piece of iron, or between a bacterial organism and a molecule of hemo¬ 
globin? The ability to grow* or reproduce and to change or mutate 
has long been regarded as a special property characteristic of living 
agents. Certainly mankind and bacteria have the ability to assimilate 
and metabolize food, respond to external stimuli, and to reproduce 
their kind—properties not shared by bits of iron or by molecules of 
hemoglobin. Now if viruses had not been discovered, nil would Jiave 
been well. The organisms of the biologist would have ranged from the 
largest of animals, whales and elephants and the like, all the way 
down to the smallest of the bacteria which are about 200 or a few 
millionths of an inch in diameter. There would have been a definite 
break with respect to size since the largest molecules known to the 
chemist were less than 20 in sum Life and living agents would 
have been represented solely by those structures which possessed the 
ability to reproduce themselves and to change or mutate, and all of 
these were about 200 m^i or larger in size, thus more than ten times 
larger than the largest known molecule. This would have provided a 
comfortable area of separation or discontinuity between living and 
nonliving things and would have provided ample justification for con¬ 
sidering life as something set distinctly apart and perl saps unap¬ 
proachable and unexplainable by science. 

Then around 1900 came the discovery of the viruses—firat- the plant 
virus of tobacco mosaic, then foot-and-mouth disease virus of cattle, 
and then the first virus affecting man, namely, yellow fever virus* 
These infectious, disease-producing agents are characterized by their 
small size, by their ability to grow or reproduce within specific living 
cells, and by their ability to change or mutate during reproduction. 
Their inability to grow or reproduce on artificial or nonliving media 
did not cause too much concern and their reproductive and mutative 
powers were enough to convince most people that viruses were merely 


VIRUSES, CANCER, GENES, AND LIFE—STANLEY 359 

still smaller ordinary living organisms. However, around 1930 the 
sizes of different viruses were determined with some precision, and 
it was found that some viruses were indeed quite small, actually 
smaller than certain protein molecules. Then in 1935 the first dis¬ 
covered virus, tobacco mosaic, which is a middle-sized virus, was 
isolated in the form of a crystal! izable material which was found to 
be a nucleoprotein, that is, a substance composed of nucleic acid and 
protein. This nucleoprotein molecule was found to be 15 mji in cross 
section and 300 mji in length and to possess the unusually high molec¬ 
ular weight of about 50 million. It was, therefore, larger than any 
molecule previously described, yet it was found to possess all the 
usual properties associated with larger protein molecules. The same 
material could be obtained from different kinds of mosaic-diseased 
plants such as tomato, pillow, and spinach plants, whereas plants 
diseased with different strains of tobacco mosaic virus yielded slightly 
different luicleoproteins. Many tests indicated that the new high 
molecular weight nucleoprotein was actually tobacco mosaic virus and 
it was concluded that this virus could, in fact, be a nucleoprotein 
molecule. Here, therefore, was a molecule that possessed the ability 
to reproduce itself and to nutate; hence, the distinction between 
living and nonliving things which had existed up to that time seemed 
to be tottering and soon a full-scale intellectual revolution was in 
progress. 

Today the revolution is past and we know that the gap between 20 
and 200 mu has been filled in completely by the viruses—so much so 
that there is actually an overlapping with respect to size at both ends. 
Some larger viruses are larger than certain well-accepted living or¬ 
ganisms whereas some small viruses are actually smaller than certain 
protein molecules. We have, therefore, a continuity with respect to 
size as we go from the electrons, mesons, atoms, and molecules of the 
physicist and the chemist, to the organisms of the biologist and on, 
if you please, to the stars nud galaxies. Nowhere is it possible to 
drew a line in this continuity of structures and say that all above 
this size are living and ail below are nonliving. There appears to 
be a gradual transition with respect to size and complexity of struc¬ 
ture as one goes from things that are normally considered to be alive 
to things that are generally considered to be nonliving. One is re¬ 
minded of the quotation attributed to Aristotle over 2,000 years ago 
to the effect that Nature makes so gradual a transition from the 
animate to the inanimate that the boundary line between the two is 
doubtful and perhaps nonexistent. Huch scientific knowledge has 
been accumulated since Aristotle's time but the essence of his statement 
is as true today as it was when he made it. Ilut does this mean there 
is really no difference between the animate and the inanimate? I do 
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not believe that it does. However, we must be willing to define what 
we mean by life and then we must be willing to accept as living any 
structure possessing properties fulfilling such a definition. 

The essence of life is the ability to reproduce. This is accomplished 
by the utilization of energy to create order out of disorder, to bring 
together into a specific predetermined pattern from semiorder or 
even from chaos all the component parts of that pattern with the 
perpetuation of that pattern with time. This is life. Now there is 
another very basic property which seems to be characteristic of living 
things and that is the ability to mutate, to change or to respond to 
a stimulus, I do not believe this property is absolutely necessary 
for life, but it certainly lends grandeur to life, for not only is it re¬ 
sponsible for the whole evolutionary process and thus for the myriads 
of kinds of life we have on earth but, most importantly for mankind, 
it permits one to dare to aspire. It is presumably responsible for 
man, his conscience and bis faith. It is obvious that I believe that 
mutation merits much, much study* 

The discovery of viruses has permitted us to contemplate the nature 
of life with a new understanding. It has enabled us to appreciate 
in a new light the inherent potentialities of chemical structure, 
whether that of a single molecule or that produced by the interaction 
of two or more molecules. Viruses were discovered by virtue of their 
ability to replicate and in the last analysis this ability to reproduce 
remains today as the only definitive way in which they can be recog¬ 
nized. We may purify and isolate preparations from virus-diseased 
tissues but it is only when a reasonably pure material is obtained and 
units of this are found to possess the ability to reproduce themselves 
that we are privileged to refer to the material ns virus. Since the 
isolation of tobacco mosaic virus in the form of a eiystadisable nu- 
cleoprotein 15 by 300 mji in size, many other viruses have been ob¬ 
tained in pure form and characterized in part by their chemical and 
physical properties. My colleagues, Arthur Knight, Koblcy Wil¬ 
liams, and Howard Schachman, have made major contributions to 
the biochemical, electron microscopical, and biophysical knowledge of 
viruses. Until two years ago all viruses studied had been found to 
be at least as complex as a mideoprotein. However, some appear to 
have lipid, carbohydrate, and in some cases a limiting membrane in 
addition to nucleic acid and protein. Whereas soma viruses, like 
tobacco mosaic, are crystal!izable nucleoproteins which have the usual 
molecular properties, other viruses, such as vaccinia, have a degree of 
morphological differentiation which tan hardly be called molecular in 
nature and which is rather more organ ismal or cell-like in nature- 
Some of the bacterial viruses have a very complex morphology, with 
a head and a tail somewhat similar to the sperm of higher organisms. 


VIRUSES, CANCER, GENES, ANt> LIFE—STANLEY 361 

For a long time many investigators thought that the plant viruses 
differed basically from viruses affecting animals and man. This idea 
stemmed mainly from the fact that for 20 years all the crystal lizable 
viruses were plant viruses. This idea had to be relinquished two 
years ago when my colleagues, Carlton Schwerdt and Frederick 
Schaffer, obtained poliomyelitis virus, which is a typical animal or 
human virus, in crystalline form. Since then at least one other ani¬ 
mal or human virus has been crystallized and this is crystalline Cox- 
sackie virus obtained by Doctor Mattem of the National Institutes of 
Health. Hundreds of viruses are known and more are being dis¬ 
covered every month; yet only a dozen or so have been obtained in 
purified form. In view of the possibility that these may represent 
the more stable and more readily purified viruses, one cannot be cer¬ 
tain that a true picture of the chemical and physical properties of 
viruses ns a whole has been obtained as yet. However, I believe that wa 
have sufficient sampling to he significant for the purposes of the pres¬ 
ent discussion for we already know that viruses may range from small 
crystallizable animal, human, or plant viruses which are nncleoprotein 
molecules, through intermediate structures consisting of nucleoprotein, 
lipid, and carbohydrate, to large structures possessing a morphology 
and composition similar to tliat of accepted cellular organisms. All 
these diverse structures are bound together by one all-important prop¬ 
erty, that of being able to reproduce their own characteristic struc¬ 
ture when placed within certain living cells. They are all, in short, 
by definition, alive. 

Now I am only too fully aware of objections that some may have 
to considering a crystallizable nucleoprotein molecule as a living 
agent. Some may feel that life is a mystery which is and must re¬ 
main beyond the comprehension of the human mind. ith these 
I must d isagree. Some nmy bcl ieve tha t a 1 i vi hg molecn le is cont rary 
to religion. Ilero again I must disagree for I see no conflict whab 
soever between science and religion and I see no wrong in accepting 
a molecule as a living structure. To many scientists the diverse ex¬ 
pressions of chemical structure represent miracles, and our expanding 
knowledge of the wonders of nature provides ample opportunities to 
express our faith and only serves to make us full of humility, home 
may prefer to regard a virus molecule in a crystal in a test tube as a 
potentially living structure and to restrict the term “living” to a virus 
during the time that it is actually reproducing, I would have no 
serious objection to this for I am reminded of the facts that certain 
tapeworms a foot or so in length can live and reproduce only in cer¬ 
tain hosts and that even man himself can be regarded as requiring 
rather special conditions for life, yet no one objects to accepting man 
and tapeworms as examples of life, I am also reminded that we are 
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taught that the essence of a thing is not what it is, bat what it does, 
and tlie doing of something involves time; hence there may be good 
reason always to consider the virus with time. Regardless of certain 
mental restrictions that may diifer from person to person, I think 
there is no escape from the acceptance ultimately of viruses, including 
the crystal!istable viral nucleoprotcin molecules, as living agents. 
This must be done because of their ability to reproduce or to bring 
about their own replication. Certainly the essence of life is the 
ability to reproduce, to create a specific order out of disorder by the 
repetitive formation with time of a spec!lie predetermined pattern 
and this the viral nuclcoprotein molecules can do. 

Of course, it would have been dull indeed if the first formed living 
agent had been restricted to exact duplicates of itself. The logical 
reasoning provided in schemes such as those outlined by Calvin, 
Haldane,Horowitz, Oparin, and Urey by means of which relatively 
complex organic substances could have arisen from inorganic mutter 
provides justification for assuming that a chemical structure, per¬ 
haps something like nucleic acid, which possessed the ability to repli¬ 
cate, did come into being once upon a time. It need to have happened 
only once, and thereafter without the great phenomenon of mutation 
it merely would have kept going until it had filled the world with 
replicates of this precise structure or until it had exhausted the start¬ 
ing materials. However, Nature has provided a built-in error so 
that the replication process is not perfect and about one in every mil¬ 
lion or so replicates is slightly different. This change, which lias been 
of tremendous fundamental importance, we now recognize as muta¬ 
tion, and as these errors or differences were accumulated by replicat¬ 
ing structures it became necessary to make formal recognition of them. 
These differences ot markers we now call genes. We do not recognize 
genes directly but only by differences. Needless to say, some physical 
structure had to be responsible for the accumulation, preservation, 
and potential exhibition of these differences and this assembly of genes 
we call a chromosome. The incorporation of one or more assemblies 
of genes into a structure possessing a limiting membrane, which wo 
now call a cell, then made possible gene interchanges between these 
cellular assemblies. This genetic interchange by the fusion of two 
cells, a sexual process, also represents a phenomenon of the greatest 
fundamental importance for this permitted genetic recombination, 
a factor that has served to speed up the evolutionary process im¬ 
measurably. Therefore, life as we know it today is dependent not 
only upon reproduction but also upon mutation and genetic 

recombination. 

Now let us consider for a moment the relationships between genes 
and viruses since we see that both are related to life. Muller’s esti- 
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mate of the maximum sine of a gene would place it Just below tobacco 
mosaic virus, near the middle of the viruses. Both genes and viruses 
seem to be nuelcoproteins and both reproduce only within specific liv¬ 
ing cells. Both possess the ability to mutate. Although viruses gen¬ 
erally reproduce many times within a given cell, some situations are 
known in which they appear to reproduce only once with each cell 
division. Genes usually reproduce once with each cell division, but 
here also the rate can be changed, as, for ex ample, in the case of 
polyploidy resulting from treatment with colchicine. Actually the 
similarities between genes and viruses are so remarkable that viruses 
very early were referred to as “naked genes” or ‘‘genes on the hmsc. 
Two great discoveries, one which began in 1928 and the other which 
occurred in 1952, have provided experimental evidence for an exceed¬ 
ingly intimate relationship between viruses and genes. In 1923 
Griffith found that he could transform one specific S type of pneu¬ 
mococcus into another specific S type bv injecting mice with non- 
virulent K forms together with large amounts of heat-killed S pneu¬ 
mococci of a type other than that of the organisms from which the 
R cells wore derived. Living virulent S organisms of the same type 
ns the heat-killed S fonm were then recovered from the animals. 
Later Dawson and Sia as well as Alloway found that the addition of 
an extract of one type of capsidated pneumococcus to a culture of a 
noncapsulated rough form would convert the latter into the saint 1) po 
of capsulated pneumococcus which provided the extract. It w ft s ob¬ 
vious that something was being transferred and in 19,»8 I discussct 
die possibility that this “something** might be a virus. In 1944 Avery 
and bis colleagues at the Rockefeller Institute proved that this some- 
tiling was a transforming principle consisting of dcoxyrilKinu^leic 
acid (DMA). Muller in 1947 discussed the possibility that the lLNA 
might correspond to still viable parts of bacterial chromosomes loose 
in solution which, after entering the capsulcless bacteria, undergo 
a kind of crossing oircr with the chromosomes of the host, but t is 
suggestion was not widely accepted. That the phenomenon was not 
an isolated one was demonstrated in 1953 by Leidy and Alexander 
who obtained similar results with an influenza bacteria system. The 
close relationship to genetics was further emphasized by work of 
Hotchkiss and by Ephrussi-Taylor who, as well as Leidy and Alexan¬ 
der, showed that drug resistance and other genetic factors could be so 
transferred. This work provided evidence that genetic factorsor 
genes, if one prefers such a designation, can l>e repre^entec •” i 
and can be obtained in chemically pure solution. 

This information, as well as our knowledge of viruses, was soon 
fortified by the very important discovery by Zincler and Lederberg 
in 1952 of transduction in Salmonella by means of a bacterial virus. 
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It was found that genetic factors couM bo carried from one type of 
Salmonella cells to another type by means of a bacterial virus. In 
this type of transformation the genetic fragment is not free but is 
carried within the structure of the bacterial virus. It is, for example, 
not affected by the enzyme deoxyribonuclease, and in this respect is 
unlike the ENA pneumococcus transforming principle. However, it 
is not necessary for the virus actually to possess virus activity, for 
killing of the virus by ultraviolet light does not prevent the transduc¬ 
tion of other traits. The closeness of the relationship between the 
virus and the genes of the host is emphasized by the fact that the 
transducing ability of any bacterial virus is determined strictly by the 
character of the cells on which the virus was most recently grown- 
Virus grown on Serotype E* Salmonella cells will, when added to 
Serotype E, cells, convert a fraction of these cells into Serotype E t 
cells. It is of interest to note that the virus in filtrates of toxin-form¬ 
ing bacterial strains will convert nontaxin-forming cells into toxin- 
forming cells. In transduction, a fragment of a chromosome which 
might be regarded as a gene or a collection of a few or even many genes 
can be transferred from one kind of donor cell to another kind of 
receiver cell and be incorporated into the genetic apparatus of the 
receiver cell. In the pneumococcus or influenza bacterium this can he 
caused by a ENA preparation which can bo separated and isolated as 
such and in Salmonella this gene or gene collection rides within the 
bacterial virus, presumably with the viral DNA, which is added to the 
cell to be transduced. Here one hardly knows what to call a virus and 
what to call a gene for it is obvious that at times the two merge 
completely. 

The persistence of a bacterial virus in an apparently concealed 
form of prophage in lysogenic strains of bacteria, extensively investi¬ 
gated by Lwoff, provides further evidence in this direction. Lyso¬ 
genic bacteria perpetuate in what may he considered a hereditary 
manner the property of being able to produce a bacterial virus. The 
term “prophage’' is used to describe the form in which the potentiality 
to produce a bacterial virus is perpetuated in lysogenic bacteria. 
Prophage is nonpathogen ic and non infectious in the usual sense, but, 
since it is multiplied at least once with each cell division, it may bo 
regarded as infectious in the sense that gene3 or chromosomes are in¬ 
fectious. In other words, the prophage might be considered as a 
temporary part of the genetic apparatus of the celi, the genetic element 
that differentiates a lysogenic from a sensitive cell, and at the same 
time as the noninfectious form of a bacterial virus. There are times, 
therefore, when a virus may not exhibit its normally infectious nature 
but have its potentially unlimited reproductive capacity under genetic 
control so that it replicates only once with each cell division. There 
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are times when a specific genetic element of a cell can be freed of the 
normal controlling mechanism of the cell and go forth in viable form 
in solution or associated with a virus, enter a different cell, replace 
a homologous chromosomal segment, and resume its original specific 
function in the new cell. It is obvious that the latter phenomenon 
could readily be considered an infectious process, and that viruses 
ran act as genes and genes as viruses under certain circumstances* 
I should now like to discuss the relationships which involve cancer. 
You probably know that cancer or abnormal, uncontrolled cellular 
growth may occur in all kinds of organisms and that cancer is second 
only to heart disease as a killer of mankind; hence I need say no more 
about the relationship between cancer and life. Cancer originates 
when a normal cell for reasons, some known and some unknown, sud¬ 
denly becomes a cancer cell which then multiplies widely and with¬ 
out apparent restraint. Cancer may originate in many different kinds 
of cells, but the cancer cell usually continues to carry certain traits of 
the cell of origin. The transformation of a normal cell into a cancer 
cell may have more than one kind of a cause, but there is good reason 
to consider the relationships that exist between viruses and cancer. 
Viruses have been implicated in animal cancers ever since Peyton 
Rous, in 1911, transmitted a chicken sarcoma from animal to animal 
by means of a cell-free filtrate. Despite the fact that today viruses 
are known to cause cancer or tumors in chickens, pheasants, ducks, 
mice, frogs, rabbits, deer, and other animals, and even in certain 
plants, there exists a great reluctance to accept viruses as being of 
etiological importance in human cancer. However, basic biological 
phenomena generally do not differ strikingly as one goes from one 
species to another, and I must say that I regard the fact, now proved 
beyond contention, that viruses can cause cancer in animals to be 
directly pertinent to the human cancer problem. It should be recog¬ 
nised that cancer is a biological problem und not a problem that is 
unique for man. 

Since there is no evidence that human cancer as generally experi¬ 
enced is infectious, many persons believe that because viruses are in¬ 
fectious agents they cannot possibly be of etiological importance in 
human cancer. However, this is not a valid conclusion for several 
reasons. It is well known from the work of Bryan and of Beard that 
animal cancer viruses may alternately be filterable and hence infec¬ 
tious and then nonfilterable and hence appear noninfectious, appar¬ 
ently owing to great variations in the actual amount of virus present 
in the cancer. It is also well known that viruses may be highly spe¬ 
cific, so specific in fact that a given virus may infect and cause disease 
only in one kind of cel) in one kind of animal and hence, under all 
other conditions, appear noninfectious. For example, the kidney 
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carcinoma virus of the leopard frog studied by Lucke would appear 
to be such a virus. Then there; is the possibility that many may 
be carrying viruses of etiological importance for cancer which for 
one reason or another have not yet been discovered. The possibility 
of mutation of latent viruses into a new strain of etiological impor¬ 
tance must also be kept in mind. Pertinent to both of these possi¬ 
bilities is the discovery during the past few years of dozens upon 
dozens of hitherto unknown viruses in human icings. These con¬ 
sist of the ECHO viruses isolated from the human intestinal tract, 
the adenoviruses isolated from the upper respiratory tract and eyes 
of man, and a group of viruses isolated from human sera, New 
viruses of man are discovered almost every week. Thus we now have 
many more human viruses than we know what to do with and there is 
no reason to shy away from giving consideration to viruses as causa¬ 
tive agents in human cancer for lack of the viruses. 

During the past few years there has been an almost unbelievably 
rapid development of techniques by means of which it is now possible 
to grow almost all kinds of human and animal cells in the test tube 
and, as a consequence, vast new opportunities for experimentation 
on human cells without danger to man have opened to us. These cells 
are also providing a means for the isolation of new viruses, since many 
kinds of cells are very susceptible to many viruses. The human 
amnion cell, which my colleagues Elsa Zitcer, Jdrgen Fogh, and 
Thelma Dunnebaeke first obtained from the full-term amnion in cell 
culture, is proving of great use in this connection as well as in studies 
on the transition from a normal to a potentially malignant cell. For 
example, we are finding interesting changes in chromosome number 
and in ability to grow in cortisone or X-ray treated animals as these 
human amnion cells are passed in culture. It is also of interest that 
one of the adenoviruses has been found to destroy human cancer cells 
both in the human being and in the test tube. Thus a virus may cause 
a cancer and a virus may destroy a cancer. Unfortunately in the case 
of Jluebner’s studies on carcinoma of the human cervix not all of the 
cancer cells were destroyed and the cancer eventually progressed. 
However, Huebner, as well as others, is attempting to train a series 
of viruses to grow on cancer cells, so this approach may not be too 
hopeless. In the same way it is possible to train cells to respond to 
viruses and this in ay provide even better test systems for human 
viruses as yet undiscovered. Even if eventually one should find no 
cancer virus among the large number of human viruses, the fact that 
man carries so many viruses within his cells and that these are con¬ 
tinually passing from person to person means that we should be ever 
alert to the possibility of transduction by these viruses. Of course, 
there is no confirmed case of transduction in higher organisms as yet. 
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However, human cancer is a fact and there is certainly something 
within every human cancer cell that insures its reproduction whether 
we cal) it a gene or a chromosomal fragment* and so long as human 
viruses are so abundant we certainly have the possibility of trans¬ 
duction. 

There are many examples of latent viruses that may remain hidden 
for a lifetime or even for generations only to come to light as a result 
of some treatment or change. Most human beings acquire the virus 
of herpes simplex quite early in life and in many persons the evidence 
for the persistence of this virus throughout their lifetime is quite 
good- Traub lias found that infection of a mouse colony with the 
virus of lymphocytic choriomeningitis can result* with time, in an 
in apparent infection of all animals. The virus is apparently trans¬ 
mitted inulsro and remains with the animal throughout Its life j hence 
this virus persists throughout generation after generation of mice. In¬ 
jection of such mice with sterile broth can revive the pathogenicity 
of the virus and bring it into light. Certain potato viruses such as 
potato X virus, also known as the healthy potato virus or the latent 
mosaic of potato virus, can be passed from generation to generation 
without causing an apparent disease. This virus is not present in 
several varieties of potato grown in Europe, but it is thought to be 
present in all. or almost all, potato plants grown in the United States. 
Needless to say* it was only by virtue of the fact that potato plants 
without this virus are known to exist and the fact that this virus 
causes obvious disease symptoms when inoculated to certain other 
plants that it was possible to establish the actual existence of this 
virus. In the absence of this information this latent mosaic virus 
would have to be regarded as a normal constituent of the potato plant. 

Since viruses can mutate suid examples are known in which a virus 
that never kills its host can mutate to form a new strain of virus that 
always kills its host, it does not seem unreasonable to assume that an 
innocuous latent virus might mutate to form a strain that causes 
cancer* The great wealth of newly discovered viruses of man plus 
our knowledge of the latent virus phenomenon provides ample justi¬ 
fication to reexamine quite carefully the relationships between viruses 
and human cancer* 

Another fact which may prove of the greatest importance in this 
connection is that treatment of certain lysogenic strains of bacteria 
with physical and chemical agents, such as X-rays* ultraviolet light, 
nitrogen mustard* certain chemical-reducing agents or iron-chelating 
agents, results, after a latent period* in the lysis of the bacterial cells 
and the release of large amounts of bacterial virus particles* These 
agents are called ^ inducers 1 ' and you may recognize some as calx i no- 
genic agents for man and animals* Nordysogenic bacteria are un- 
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a fleeted by these “inducers” in so far as the production of a bacterial 
virus is concerned, Ib it possible that this activation of a prophage by 
certain chemical or physical agents with development into a fully 
infectious bacterial virus and the consequent destruction of the bac¬ 
terial cells provides a biological example of a process which occurs in 
manf I believe that this activation of prophage as well as the phe¬ 
nomenon of transduction by free deoxyribonucleic add in the pneu¬ 
mococcus and by bacterial viruses in Salmonella is pertinent to the 
human cancer problem* especially so in view of the recent discovery of 
dozens upon dozens of new viruses of man. Certainly the experi¬ 
mental evidence now available is consistent with the idea that viruses* 
as we know them today* could be the etiological agents of most* if not 
all cancer* including cancer in man. I have been urging the accept¬ 
ance of this idea as a working hypothesis because it will result in the 
doing of experiments that might otherwise be left undone* experi¬ 
ments that could result in the solving of the cancer problem. Needless 
to say, what we do in the way of experimentation depends in large 
measure upon what we think and I am sure the time has come when 
we should change our thinking with respect to the nature of cancer. 

I hope that by this time it is obvious that viruses, cancer, genes, and 
life are tied together by a whole series of relationships, that viruses 
can act as. genes and genes as viruses under certain circumstances, that 
viruses can cause cancer and that viruses are structures at the twilight 
zona of life partaking both of living and of molecular properties. Let 
us now see whether there is a common thread of understanding per¬ 
meating all these relationships. We know that viruses have been 
thought to be at least as complex as a nucleoprotem, but. we also know 
that the transforming agent of the pneumococcus lias been found to 
bo a deoxyribonucleic acid and there is presumptive evidence that the 
genetic stuff of the bacterial viruses is also deoxyribonucleic acid. 
However, until recently no gene or chromosome or any of the ordinary 
viruses had been isolated as such m the form of nucleic add \ hence the 
“stuff of life*” as well as the viruses, has been considered to be nuclei 
protein in nature with considerable doubt as to whether the protein 
or the nucleic acid or the combination of the two was really the bio¬ 
logically active structure. 

A recent very important discovery made in our laboratory by 
Doctor Fraenkel-Conrat has changed the situation considerably and 
now makes it seem certain that nucleic acid is the all-important 
structure. It was reported by FraenkehConrat and also shortly there¬ 
after by Gierer and Schramm in Germany that special treatment 
of tobacco mosaic virus yielded a nucleic acid preparation posseting 
virus activity. It would now appear necessary to recognize that a 
nucleic acid structure of around 300,000 molecular weight 
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possess, coded within its 1,000 or so nucleotides, not only all the 
information that is necessary to bring about in the host celt the 
production of more of this same nucleic acid, but also apparently 
the d$ novo synthesis of its own characteristic and highly specific 
protein with which it eventually coats itself. This work provides 
wonderful evidence for a direct relationship between specific nucleic 
acid and specific protein synthesis and makes it possible to consider 
virus and gene action, including their relationships to cancer and to the 
nature of life, in terms, not of nucleoprotcin structure, but of nucleic 
acid structure. Wo see, most importautly, that viruses, cancer, genes, 
and life are all directly dependent upon the structure of nucleic acid- 
It may be calculated that a thousand-unit polynucleotide linear 
chain consisting of a coded repeat of only four different components, 
adenine, guanine, cytosine, and uracil, in the same ratio as exists 
in tobacco mosaic virus nucleic acid, could form about 10“™ different 
arrangements. This number is so large that it is incomprehensible. 
Even a hundred-unit polynucleotide chain of this composition could 
exist in about 10 5T different arrangements and this number is vastly 
larger than the total of all living things on earth and in the oceans. 
We have, therefore, in this structure consisting of the four chemicals, 
adenine, guanine, cytosine, and uracil (thymine in the case of do- 
oxyribonucleic acid), repeated many times over in unique fashion, 
the code for every bit of life on earth and in the sea. When a normal 
cell becomes a cancer cell there is undoubtedly a change in this 
structure within the cell. It is of interest to note that many anti* 
cancer compounds are antimetabolites for these chemical components 
of nucleic acids. And in our laboratory Lit man and Pardeo made 
the very important observation that the incorporation of 5-bromouracil 
into a bacterial virus in place of thymine resulted in the production 
of the highest percentage of mutants ever recorded. Certainly all 
this information plus the discovery that virus activity can be a 
property of nucleic acid and our knowledge of relationships between 
viruses, cancer, genes, and life now make it obvious that the common 
thread upon which all of these depend is specific nucleic acid structure. 
Therefore, this declaration of dependence revolves around nucleic acid. 

I believe that the elucidation of the structure of nucleic acid in all its 
aspects is the most important scientific problem we face today. ^ It 
is vastly more important than any of the problems associated with 
the structure of the atom, for in nucleic acid structure we are dealing 
with life itself and with a unique approach for bettering the lot 
of mankind on earth. It is possible that the solution of this scientific 
problem could lead eventually to the solution of major political and 
economic problems. Never before has it been possible to. realize 
so fully our utter dependence upon the structure of nucleic acid. 
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Eventually chemists should be able to synthesize a small polynucleo¬ 
tide specifically arranged; lienee one may now dare to think of syn¬ 
thesizing in the laboratory a structure possessing genetic continuity 
and of all the tremendous implications of such an accomplishment. 
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Mystery of the Red Tide* 


By F. G* Wat,toh Smith 

Fice President, The international Oceanographic Foundation 

Coral GMcs y F/a. 

[With fotif rltte*] 

One of the commonest and yet most baffling problems of marine 
science underlies the ted tide which has killed millions of fishes off 
the west const of Florida in past years. Temporarily* it caused physi¬ 
cians 7 offices to be swamped with patients suffering from the accom¬ 
panying windborne irritant gas. Mounds of dead fish covered the 
beaches for miles and had to be bulldozed and buried in order to re¬ 
move their stench. The effect on the tourist industry alone was serious 
enough to awaken both State and Federal govern men Is to its economic 
importance and eventually to set teams of scientists to work in a con¬ 
centrated effort to solve the problem. What caused the sea to change 
color* fish to die, and visitors to develop sore throats! Marine biolo¬ 
gists and oceanographers arc following up all possible elites in an 
attempt to unravel the mystery and to control its devastating effects, 

MANY COLORS 

From the earliest days man has viewed with surprise and, at times, 
with awe the sudden appearance of a vivid discoloration in the natural 
waters of lakes and the sea. 

Nearly always the cause turns out to be a rapid growth or “bloom* 1 
of microscopic water life* normally present in comparatively small 
numbers, but under certain circumstances growing and reproducing 
at an excessive rate until St is presently in very heavy concentrations 
sufficient to affect the color, feel* taste* and smell of the water and 
sometimes, though not always, to render it poisonous to the fish in¬ 
habiting it. 

A WORLD-WIDE PLAGUE 

In the early fall, along the western coast of Japan* patches of water 
frequently become brown In color and oily in appearance* owing to 

1 Reprinted by permission from Sea Frontiers Bulletin of the InternationoJ 
Oeeaao^raptiSc Foundation, vol. 3, Na 1. March Unless otherwise credited, 

photogra phs by courtesy of Sea Frontiers. 
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the blooming of one of the diatoms, a form of microscopic plant life 
of the sea known as Bkhoaolenia. The abundance of another micro¬ 
scopic plant, the alga Tnchode#mivtti, is responsible for the color 
which gives its name to the Bed Sea, and to the Vermillion Sea in 
the Gulf of California. Blue-green algae in the Baltic Sea and Sea 
of Azov are often so numerous that the sea surface Inis been compared 
in color to a green meadow. In other places and times bacteria cause 
the Sicilian “Lake of Bloody and some of the shallow European seas, 
too, become discolored. 

The most striking of all these plankton blooms are the red waters, 
known as red tides. Some were reported off the coast of Chile as long 
ago as 1832 by Charles Darwin on the voyage of HMS Beagle f and 
from such widely scattered places as British Columbia, the Gulf of 
Mexico, South Africa, Japan, and Australia. 

Not all red tides are accompanied by the death of fishes, nor are 
they all caused by the same organism. During the past year a red 
tide off the coast of Chile was investigated by an expedition of the 
University of Miami and found to be due to a bloom of a diatom 
called Prorocentmm micana. In other places bacteria, algae, and 
another microscopic form of sea life, dmofiagell&tes, have been found 
responsible. In some cases Jellyfishes and small crustaceans such ns 
copepods and euphausids, the krill or food of whales, have caused the 
discoloration. 

CAUGHT BY SURPRISE 

Few people in Florida, other than fishermen, had ever heard of red 
tides before the latter part of 104-6, when the poisonous red water began 
its disastrous work* Nevertheless, the records show that the discolor¬ 
ation of water and death of fishes were seen off the const of Florida as 
early as 1344 and on several occasions since then. But the west coast 
of Florida was not then the popular area for anglers, tourists, and 
those who wish to retire in the sun. 

In November 1046 patches of brownish water containing dead or 
dying fishes were seen by fishermen about 14 mite off the coast of 
Naples, The pestilence began to spread northward, and during the 
following three or four months it appeared at Sanibel and Captivs 
Islands just off the coast. From Cape Bom a no in the south to Engle¬ 
wood Beach in the north dead fishes were found floating in the water 
Huge quantities of the dead carcasses were washed ashore, in places 
as much as 100 pounds to the front foot Dr* Gordon Gunter and 
fellow scientists from Miami found dead turtles, shrimps, crabs, 
and oysters as well as an impressive list of the various species of 
commercial and noncommercial fishes before the first series of outbreaks 
died down in March 1947* 
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NETC OUTBREAKS ANB EMPTY HOTELS 

The scourge reappeared later as far north as St. Petersburg and by 
the time it finally died out in August 1947, more fish had been killed 
than in the earlier outbreak* 

Faced with a disastrous repetition of beaches littered with dying 
fish, residents and visitors complaining of irritant gases, and the hotels, 
motels, and beach resorts changing in a few weeks from prosperous 
enterprises to almost deserted buildings, there was a great public 
outcry for action. But the inflexible system of legislation and gov¬ 
ernment makes it almost impossible to authorise the moving in of 
a team of qualified scientists at a moments notice or even to pro¬ 
vide the funds for doing so, 

Fortunately, however, J. N. Darling, a winter resident of Captiva 
Island and a well-known naturalist, was present at the first outbreak* 
He not only made his own observations but also with his own funds 
helped defray the expenses of biologists who set out to investigate the 
problem during January 1947* 

THE COUNTERATTACK BEGINS 

The appearance of the water immediately suggested the presence of 
plankton bloom. By examining samples under a microscope it was 
soon found that a prodigious growth of microscopic organisms had 
indeed taken place and that one in particular seemed to be more 
characteristic than others- The credit for first noticing this goes, 
however, to Air. Darling, “whose curiosity had been aroused by strange 
little moving blobs of protoplasm which be noticed under a borrowed 
microscope. Miami scientists recognised this as a type of organism 
already notorious as a killer of ftsh when present in plankton blooms. 
This kind of microscopic sea life passes under the cumbersome general 
name of “dinoflagellates^ 

One of the dinoflagellates, Gmymlan oatmdla t was found to be the 
cause of mussel poisoning along the coast of California during the 
summer months. Large numbers of this organism in the plankton, 
when taken in as food by mussels, rendered these shellfish dangerous for 
human consumption. Others have been found in poison water else¬ 
where. One in particular bears the general name of Gymn&diirium, 
and it was this kind which the marine biologists found in Florida 
red tide. During the investigations as many as t>Q,000,000 individual 
cells to the pint of water were found in the a fleeted waters. 

MEET m JIM BREVIS 3 * 

Examination of the Gyiftxi&diiiiuTR present in the Florida outbreaks 
showed that it is a 4-lobed blob of almost naked protoplasm, with a 
whiplike flagellum trailing from one end- Although practically 
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transparent, the organism carries oval-shaped objects which give it 
color. It secretes a slimy substance from its surface in huge con¬ 
centrations and this in turn gives the water the consistency of thin 
syrup. 

The first step was to determine exactly which species of G-ymnodin- 
him was causing the damage* Careful study disclosed it to he different 
from any previously known to science. Accordingly, Dr, Charles 
Davis, of the Hi ami staff, wrote a careful description and officially 



Figure L—The came ol I he red tidc fc CyinneijrtrKt* brevis* magnified ,3,000 timcL Fir*l 
found In the IIPU outbreak, (Diagram courtesy of Sea Front tere-.) 

named it a new species, Gymn&dinmm brevis It was not long before 
the press and the general public nicknamed it “Jim Brevis*” It is 
still known by this to the residents of Florida's west coast, 

GAS WARFARE OR FOREIGN AGENTS? 

\\ bile this was happening there were many other theories advanced, 
both by the general public and by armchair scientists. Some said that 
non poisonous plankton clogged the gills of iishes and asphyxiated 
them. Others held that wartime poison gases hud been dumped into 
the ocean and tliat the release of these w p as responsible both for dead 
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fish and the sore throats* quite forgetting that red tide, dead fish, and 
sore throats had appeared off the Florida coast long before any war 
gas was available for dumping. Some theories were even more fan¬ 
tastic, involving the deadly and secret, activities of foreign agents. 

But the Investigators by now were satisfied as to the immediate 
cause of the trouble. Small fishes were placed in samples of water 
containing “Jim Brevis.” The fishes died in less than E4 hours. In 
similar tanks of water with no “Jim Brevis” the fishes lived. Samples 
of sea water from a red-tide outbreak were heated nearly to boiling 
point and the vapor given off was found to cause coughing and sneezing. 

Unfavorable publicity in the wake of the red-tide troubles led to a 
vigorous effort to combat them, and the scientists from Miami who 
conducted the original investigation were now reinforced by investi¬ 
gators from the United States Fish and Wildlife Service and the 
Woods Hole Oceanographic Institution. Dr. Paul S. GaltsofF con¬ 
firmed the original findings of the poisonous nature of “Jim Brevis” 
by carefully conducted tests. Irritant gas* first earlier obtained by 
boiling red-tide water* was traced by Alfred Woodcock to small par¬ 
ticles of water thrown into the air by breaking waves* and remaining 
in suspension for a considerable time. In this way the red-tide poison 
became airborne. Injection of a small amount of red-tide water by 
spray into the nose caused the familiar sneezing and sore throat, thus 
confirming Woodcocks theory. 

THE CAUSE OF A CAUSE 

The direct causa of red tide and its attendant evils was clear enough. 
The recognition of “Jim Brevis” did not help very greatly in prevent¬ 
ing It- though* It is true that copper sulfate and other chemicals have 
long been known as potential killers of plankton blooms if sprayed 
on the sea f but, by the time a red-tide outbreak is noticed, the fishes 
are dead and drifting onto the beaches and the tourists and residents 
are coughing and sneezing. It is then too Ink* Like an t a plosion* the 
red tide must lie slopped before it breaks out. It is necessary to predict 
the time and place of an outbreak. The $04 question was what are the 
events or causes which antedate the sudden catastrophic blooming of 
“Jim Brevis”! 

An obvious thing to look for is the source of food to support the 
rapid growth of plankton characteristic of plankton blooms. In 
Florida there seemed to be a ready answer in the existence of phos¬ 
phate mining operations. Land plants need fertilizer—phosphorus, 
nitrogen, potassium—for food, and also certain other substances in 
very small quantities to promote and sustain growth. This is equally 
true even of small plantlike cells in the sea, including “Jim Brevis.” 
Moreover it frequently happens that the phosphorus compounds are 
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the least plentiful, so that any sudden increase in their quantity in 
the sea may lead to a great growth of plankton. 

RAINFALL AND RED TIDE 

The Miami scientists, together with others from the University of 
Florida and the U. S- Fish and Wildlife Service, followed up these 
speculations- The probability in mind was that excessive rainfall of 
an equivalent type of mechanism might wash down into the sea un¬ 
usual quantitif 1 ® of phosphorus dissolved out of the phosphate rocks 
inland, or from the mining refuse by way of rivers* Unfortunately 
the final analysis seemed to show that even in years of no red tide 
there is sufficient phosphorus in west coast Florida waters to support 
a red-tide outbreak. Why then Is red tide not always, present? A 
possible clue comes from a study of rainfall and river discharge. 
There seemed to be some connection between red-tide outbreaks and 
a higher than average river discharge. But red tide had not developed 
in all of the past years when rainfall or river discharge was high. 
So something else must be involved. 

There were indications that in the shallow creeks and bays, separated 
from Gulf of Mexico waters by a chain of Islands, materials important 
to the growth of *“Jim Brevis” occurred and that the mixture of this 
water with the sea water outside might provide exactly the right 
conditions for red-tide development. 

RESEARCH ALMOST ABANDONED 

Careful detective work was almost brought to a stop at this stage. 
Since 1047 red tide seemed to have disappeared and there was no way 
of telling whether it might return in 1 year or 10 years* Consequently 
public interest disappeared and with it also the funds necessary to 
continue research. The problem now facing the scientist was not 
red tide, but the difficulty of being able to continue investigations 
without interruption. Tt is unhappily true that legislatures and gov¬ 
ernments, being in the public service and sensitive to public opinion,, 
are apt to finance research only when an emergency such as the red 
tide actually occurs, at which time, paradoxically, the necessary de¬ 
lays in legislative machinery render it too late to be of service. As 
soon as the emergency is over, all the painstaking groundwork which 
could lead to the final answer is likely to be discarded. 

NEW OUTBREAKS REOPEN RESEARCH 

Although marine biologists from Miami were unable to follow up 
their earlier discoveries in full measure and although the Fish and 

ildlife bervioe laboratory at Sarasota was closed, scientific interest 
continued since it was to be expected that at some undetermined 
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future time the plague of dead fish, would return and with it a public 
clamor for a solution. 

These expectations were partly realized in 1352 when a fresh but 
minor outbreak occurred. About the middle of September 1353 
further ml tide was reported and this continued at intervals tlirough- 
out the winter and in the spring and summer of 1D54, The new 
alarms brought special funds to aid research at Miami and increased 
federal activity. The State of Florida made a wise move by sotting 
up a Red-Tide Committee in order to coordinate research activities. 
Tins might also serve to keep legislature advised of the need for 
continuing research between red-tide years. 

RED TIDE IN TEST TUBES 

Materials are needed for the growth of “Jim Brevis 51, and the sus¬ 
picion that the brackish bay waters contained some essential part of 
these materials received new attention as the result of work carried 
out by the Haskins Laboratory in New York. For the first time the 
red-tide type of organism was kept alive in the laboratory in a pure 
culture, uncontaminated by bacteria or other organisms* The Fish 
and Wildlife Service followed this up and is now seeking more de¬ 
tailed information about the food requirements and behavior of “Jim 
Brevis” in the laboratory* 

Part of this is being done at Galveston* Tex,, part in Florida in a 
laboratory in Naples where a converted cabin cruiser is stationed* 
Many of the questions of the likes and dislikes of “Jim Brevis” may 
thus be answered by the Service, which now lias a team of 20 people 
engaged in the investigation. Not only is “Jim Brevis” being kept 
alive for studies of his daily needs, but experiments are being con¬ 
ducted to determine the best w ay of killing him* 

PREDICTIONS AND PATTERNS 

As the Fish and Wildlife Service attacks om side of the problem, a 
four-man team from Miami advanced from another direction. In 
order to kill “Jim Brevis” and to prevent the red tide spreading, even 
if a suitable poison were available, it would still be necessary to know 
in advance when and where an outbreak was likely to take place and 
how it was likely to spread. 

Red tide first appears as a patch of discolored water, with dead 
and dying fishes, particularly along its edge* Within a few- days the 
enormous concentration of microscopic dinoflagdhxtes brings about 
their own death by overcrowding, the red color vanishes, and after the 
dead fish have been drifted ashore, all the typical signs begin to 
disappear. Several days or even weeks later, however, a similar out¬ 
break may take place at another part of the coast. In a typical red- 
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tide year a succession of such outbreaks at different parts of the 
coast may occur with varying intervals of time. 

What was the connection between successive outbreaks ? lu order to 
prevent the death of fish by poisoning “Jim Brevis* 3 before it could 
bloom, it now seemed clear that not only must the first outbreak be 
predicted but it must also be jiossible to predict the pattern of future 
successive outbreaks. These w ere the tasks undertaken by the Miami 
oceanographers. 

A NEW LINE OF ATTACK 

First, records of alt past outbreaks ware examined in great detail. 
They suggested that when one or perhaps several patches of water be¬ 
come suitable for a red-tide outbreak they might be carried by the 
system of water currents to other parts of the coast This new way of 
attacking the problem has finally given a clue to the prediction of 
red tides. 

The fully equipped seagoing research vessel Cerda (see article in 
voL 3, Kgl % of Sea Frontiers), with all the latest types of apparatus 
for studying conditions at sea, left Miami for the west coast of 
Florida* Under the direct son of oceanographers 11 mo lie hi and 
Frank Chew, there begun a long and exacting study of the water 
currents and tides in every detail. By working night and day while 
out at sea they accumulated a prodigious amount of data. Back at 
tha laboratory, samples of sea water were examined chemically and 
the long task of mathematical analysis began* 

A SCIENTIFIC FLEET 

Results were checked and analysed by the use of free drifting 
buoys and flouting cards, whose travel between the time of dropping 
in the water and the time and place where found gave further evi¬ 
dence of water movement. On occasions a large fleet of yachtsmen t 
fishermen, and power-squadron members cooperated by dropping 
card?;, identified by numbers, in the waters at numerous places simul¬ 
taneously* Several days later they returned to locate the cards, floating 
in their sealed plastic covers. 

The complicated pattern of currents changes somewhat with the 
season of the year, so that It was necessary to repeat the work at sea 
on a number of occasions. But the interlocking system of currents that 
gradually unfolded showed how red tide could' apparently haphaz¬ 
ardly, jump from place to place, as the affected water was carried 
along. This led to the next stage in the attempt to predict red tides. 

WHAT MAKES WATER MIX 

^ ^ter flow mg m tides and currents and acted upon bv wind and 
wave tends to mix and this would tend to disperse rvd-tidJ water. If 
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a water mass were to remain red-tide active while moving along the 
coast, it must not mix too quickly with surrounding harmless water 
and so be dissipated. Therefore, said the oceanographers as they 
reviewed the results of the Gerda cruises, we must next find out just 
what the conditions are that prevent mixing. These will be the con¬ 
ditions which allow a series of red-tide outbreaks to occur and they 
may well lead us to a method of prediction* 

Chew* and his group from Miami worked out a mathematical for- 
inula. In simple language it said that u sea water becomes heavier 
or denser as it becomes cooler or more salt, but less dense as it warms 
up or becomes fresher. The mixed bay and Gulf water which supports 
red tides is lighter than Gulf of Mexico sea water. The redd ide water 
therefore tends to float above the rest* If it is very much lighter, 
though, it spreads out like an oil him and so begins to disappear* 
if it is only slightly lighter than the Gulf water it will mix more 
easily. ,T So, for red lido to progress into a major scries of outbreaks 
the difference in density must be neither too much nor too little. 

But. how could this density he predicted? Clearly it was related 
to the amount of brackish water entering the ocean and so to die 
fresh water entering the bays and this in turn to river drainage and 
rainfall during the previous months. It was also related to the dif¬ 
ference in temperature between Gulf water and bay water and con¬ 
sequently to the air temperature of winds which influence them. 

SUCCESS 

It seemed a long shot, but after taking meteorological figures for 
*26 past years and performing numerous calculations with different 
combinations of the data, a formula emerged which worked. The 
weather information for any year was placed into the formula. When 
the numerical result fell within a certain narrow range, then a rad- 
tide outbreak happened during the next 12 months. If outside the 
range, there was no red tide* 

But this was only a start The test would come when predictions 
for future years could be cheeked* Time was of the essence, since 
a red-tide outbreak is a serious matter to the west-coast residents, 
and might well cause millions of dollars of lost business if not con¬ 
trolled. So, though a scientist does not like to take chances, it was 
decided, even before the theory had been fully worked out, to risk a 
forecast. In November 1955 the State Board of Conservation In 
Florida was notified that there was little likelihood of major red-t ide 
outbre aks in t he ye ar 1956* It turn cd out t hat there was none, A simi- 
lar prediction was made for 1957. The west-coast waters of Florida 
will be watched with interest to see if it holds good. 
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WHAT OF THE FUTURE? 

There have been no serious outbreaks since 1954. If history were 
repeated, then public interest would die and research would be 
dropped. But this time there is a committee watchful of the citizens' 
interests to guard the future. The U. S. Fish and ‘Wildlife Service 
may continue to probe the needs of “Jim Brevis, 1 and the cooperating 
group from Miami may bo able to extend its method of prediction 
so as to forecast the time and place of the next outbreak in order to 
stop it before it starts. 

Already there are indications that a knowledge of tidal movements 
will play a part in this. Information from the Miami held station 
at Boca Grande and from the hard-working research ship Gerda, 
combined with the facts growing from the Fish and Wildlife Service 
studies, may in the not too distant future bring about a sure control 
of the plague of Florida's west coast, the red tide. 


Reprints of the various articles in this Report may he obtained, as long 
as the supply lasts, oti request addressed to the Editorial and Publications 
Division, Smithsonian Institution* Washington 25 t D. €. 




The Return of the Vanishing Musk jOxen 


By Hartley H. T. Jacilsqh * 


[Wltla two plitcft] 

The musk ojc, one of thoso species which had dwindled in numbers 
so as to be in danger of extinction, at present lives in the wild only 
on the northeast coast of Greenland and in arctic barrens directly north 
and north wed; of Hudson Bay as far as about latitude 33*, or within 
400 or 500 miles of the North Pole. Even within this range musk 
oxen live only in certain areas, there being large expanses where none 
occurs. Although today there are no native wild musk oxen west 
of the Mackenzie Elver, there is sufficient evidence, from parts of 
skeletons that have been found, and from stories of the Eskimos, that 
a few of the animals inhabited Alaska as late as about 1650, At that 
time the species undoubtedly lived over most of arctic North America 
and northeastern Greenland. Whereas in those days the number of 
musk oxen in existence probably numbered in the hundreds of thou¬ 
sands, now a high estimate would be 20,GEM) individuals, most of 
which live on the arctic islands. 

PHYSICAL APPEARANCE 

The musk ox is an odd-looking, hoofed mammal that resembles a 
small, shaggy-haired, miniature buffalo. It combines certain features 
of cattle with those of the sheep, but is in no sense a connecting link 
between them. Stocky in build and short legged, a large m a le measu res 
about 7 feet long, stands a little over 4 feet high at the shoulders, 
and weighs about 550 pounds. The female is smaller. A hump on the 
shoulders of the animal reminds one of the bison* Its tail is only 
three or four inches long, its ears are small, and its eyes rather 
prominent. Its head is broad and heavy j its face wide and short. The 
male carries thick down-curved homa, the broad flat bases of which 
nearly meet over the forehead to form a frontal shield. The horns of 
the female are smaller. 

’ Reprinted by permission from the Audubon Magazine, November-December 
1050 and January-February 1057. 

1 Formerly biologist wllJi the United States Flab and Wildlife Senict 
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HOW JT GOT ITS NAME 

Although it is not a true ox, the peculiar buffalo-like appearance 
of the musk ox prompted the name “ox,” and the prefix “musk” had 
its origin in the characteristic musky odor of this animal. The 
Eskimos call it the oo-tning-mack; the Chipewyun Indians, et-jer-ray. 
Host species of mammals are known by various names, but “musk 
ox' ! is its universal name known to white men, though in olden times 
it was sometimes called the musk bison or musk buffalo. Even in 
other languages than our own the term musk ox can be literally 
translated, lor example, in French, the name is le boeuf 

One might well surmise that any animal adapted to such uninhabited 
regions ns the arctic barrens would be safe from human molestation. 
To enter the domain of the musk ox, one must take a journey by plane, 
or by slijp amidst arctic ice fields, or else travel by canoe and foot 
through many miles of Canadian wilderness. Parching winds, cold, 
and possibly hunger may greet the hunter. Often, miles of search 
aro necessary to locate a herd of musk oxen, for even in an area known 
to be inhabited by them they live in small scattered groups that shift 
their mnge in following the changing food supply. This gregarious 
habit, this tendency to gather in herds, is a marked instinct in the 
musk ox, though the groups are usually small ones of from 10 to 30 
or 40 individuals, quite in contrast to the huge herds of bison tliat 
formerly contained thousands in a gathering. Search for food may 
induce musk oxen to wander many miles, but there is no regular sea¬ 
sonal movement, or migration, such as is likely to occur in a species 
that congregates in immense herds or flocks. 

FOOD HABITS 

Grass is the principal food of the musk ox, though it frequently 
eats willow browse, small flowering plants, and particularly in summer, 
the tender shoots of the dwarfed shrubs of its homeland. It is sup¬ 
posed not to like lichens or mosses, but a Mr. Hoare, in an old report 
for the Canadian Government, says: 

The pin in on which these musk oxen bad been feeding was windswept and only 
about two iaches of snow lay on it so the top of the vegetation was plainly visible. 
It was evident that the musk wren bod tieen feeding on several varieties of moss 
and lichens which the barren land caribou commonly use as winter food. . . . Oa 
one side of the un-Ks-eovered plain was a gentle slope on which bunch grass 
could he seen sticking up through the snow. Up this elope the musk oxen had 
evidently passed, withont cropping any of the gross, to the tuosB; ground above, 
'there was also ti thick growth of coarse hay a abort distance away on the 
opposite bank of the river. Grass, willow tips, and dowering plants were unite 
accessible In the district had the musk oxen preferred thew sorts of fodder. 

In the winter, herbs and all vegetation of the Barren Grounds are 
often covered with snow. It is then that the powerful hoofs of the 
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musk ox come into play as it paws away the snow to obtain its food. 
At this season it quenches its thirst by eati ng snow, si nee sill fresh water 
is frozen over. 


AGGRESSIVENESS GF BULLS IN SUMMER 

The bulls become rather pugnacious during the summer, and fre¬ 
quent battles ensue between them. iToare describes a combat which 
he watched i 

About 9 o'clock on the night af Jane 2®. I w as resting my pack on a big rock 
about 3 mSles up Haugbury River when I aaw ft large musk oxen feeding on n bay 
meadow aer©.^ the river from where 3 was, They hud uol kwh me E quickly 
got behind the rock and went Into camp by getting Into my sleeping sack. From 
there I could watch them comfortably without being fieeo, After Kome little lime 
two of the three animals stopped feeding,, walked out of the wet meadow to 
some higher dry ground and began circling one another with lowered heads, ns 
If for battle. Each chon plated its heavy, horn-protected head against that of 
Its opponent and tried to foree It hack by main strength. After a short while 
of this, with little success tn either side, each animal bucked a way a few pnees, 
and ran with lowered head at the other. They came together with considerable 
fikoek. Three Utnes they met p with little advantage to either. Then each 
hacked away until they were about 25 paces apart. In their new positions they 
stood glaring at each other for a few ni-ncueiLts, then, ns if at a given signal, each 
bounded at the other on the same Instant* gather!ng speed at they went, find 
met with such Impact that both were knocked back some distance, one on his 
haunches* The victor stood in fighting attitude for a short while, tken p receiving 
no further opposition from the vanquished. went and lay down. The other soon 
followed suit. The third musk ox which seemed to be larger than either of the 
other two* seemed tn pay not the slightest attention to the battle but went on 
feeding la the meadow. 

During the breeding season in August the males are particularly 
combative, and fight each other for control of the females. They do 
not breed until 4 years old. As with some of the other herding mam¬ 
mals, polygamy is the rule, and each successful hull has a harem of 
about 10 cows. Sometimes 2 or 3 bulls with their harems gather to¬ 
gether into one herd of 30 animals. 

BIRTH AMD GROWTH OF YOUNG 

The baby musk ox is bom in May or early in June, and lies for a 
while hidden in moss or snow. One calf to n mother every other year 
seems to be the rule. Blackish brown except for a white patch on its 
forehead and white feet. It is a curious little fellow covered with 
fuzzy hair or wool. At birth it weighs only about 16 pounds, but at 
that it is well developed and within a few hours follows its mother. 

When the calf is € months old, little knobs that form on the fore¬ 
head indicate the beginning of the horns. By the time a male is 15 
months old these knobs have grown into straight horns about 6 inches 
long that protrude parallel with the ground. As the horns continue 
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to grow they broaden at the base and bend down and forward in & 
graceful curve, the ivorylike tips pointing upward. 

DEFENSE AGAINST WOLVES AND MAN 

Except for man ? and occasionally a bear, the wolf is the only real 
threat to the musk ox. The herding instinct, however, is a great 
protection to the musk ox* and even the wolf is not often successful 
in its attack on a group. Several wolves in a pack may nt times best 
a single animal that wanders from the gang* An attack on a herd is 
a di derent matter, for the must ox has a method of defense that defies 
its enemy* At the least suspicion of approaching danger the hulls 
surround the calves and cows, and, with heads out and lowered, face 
the wolves in regular battle array. The cows later may Join the battle 
front, and what a front it is! Each head has a heavy bony shield 
flanked by two sharp horns that with a single upward thrust might 
disembowel an unwary wolf and leave it prostrate* Ho wise wolf 
would approach such a fortress. 

Thus, the musk ox is well adapted to fight its natural enemies of the 
Barren Grounds. From outside, however, came white men* entirely 
foreign to the musk ox and its country* Armed w ith rifles, they had 
no need to fear that threatening battle formation of horns and shields, 
for they could kill from a safe distance. Herds of musk oxen were 
slaughtered without mercy. Now that the species is almost gone, 
laws and regulations have been passed and reservations set aside for 
its protection. We hope that it is not too late. 

Although robust and clumsy in appearance, the musk ox is not 
slow on foot, and it can run swiftly. It is able to run up steep hills 
with surprising ease and speed, and could well escape many of the 
attacks of man if it chose to run away rather than to stand its ground. 
Eskimos have long hunted musk oxen for food and clothing, but until 
the us© of the rifle against musk oxen, the killing among the herds 
had never endangered the existence of the species. 

FIRST CAPTIVE MUSK OXEN 

The meat of the musk ox is nourishing and tastes like tough beef, 
but some white men who hare eaten it say that it has a peculiar musky 
taste that they do not relish. The pelt of the musk ox is of very little 
value to white man, because St is too coarse in hide and hair for 
him to wear, Eskimos find it valuable for clothing because of its 
great warmth. 

In all the recent attempts to domesticate the musk ox no reference is 
made to studies on the subject by others; no apparent effort is made 
to profit by the experience of others in attempting to raise the musk ox, 
no balance is taken of all known factors* bad as well as good, in meas- 
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uring procedure. Musk oxen nsay bo seen m a few of the larger 
American zoological parks, where, once they become acclimated, they 
may thrive moderately well. The first captive musk ox in America 
was exhibited in the New York Zoological Park, where it arrived 
from arctic America on March 12, 1902, In this same zoological 
garden the first baby musk ox ever bom in captivity arrived Septem¬ 
ber 7, 1925, Others have been kept captive in - northern European 
countries, and the governments of Norway and Iceland have experi¬ 
mented in rearing them, but without success. The Dominion of Can¬ 
ada, through protection of the musk ox in its native environment, has 
increased its population on the Thelon Game Sanctuary, northeast of 
Great Slave Lake, Northwest Territory, since the establishment of 
this range in 1927. The only comprehensive study on the musk ox 
in captivity is that made by the United States Pish and Wildlife 
Service id Alaska. 

In April 1927, the Legislature of the Territory of Alaska sent a 
memorial to the United States Senate and House of Representatives 
urging favorable action in appropriating funds to reestablish musk 
oxen in the range formerly occupied by them in Alaska. During 
May 1930, under the active leadership of Senator Peter Norbeck of 
South Dakota and Representative C. C. Dickinson of Iowa, an appro¬ 
priation of $40,000 was granted for the project. Administration of 
it was assigned to the Bureau of Biological Survey, United States De¬ 
partment of Agriculture, now the Fish and Wildlife Service, United 
States Department of the Interior, It was impossible at that time to 
obtain live specimens of any of the raees of musk oxen that lived in 
North America. It was necessary to buy stock of the Ward's musk 
ox, which inhabits northeast Greenland. An order was placed with 
Johs. Lund, Aalesund, Norway, and late in August 1930 word was 
received that 34 animals, including 19 females and 15 males, had been 
captured. All were under 2 years of age and about half of them were 
calves of the year. 

CAPTURING MUSK OXEN IN GREENLAND TO SEND TO ALASKA 

The leader of the Norwegian expedition that captured these musk 
oxen in Greenland, reported on his observations and procedure, as 
follows: 

The animals nearly always appear Lo flocks but are only seldom met. The 
older ones range by themselves while the young ones keep together. They are 
generally guided by a leader. There Es much violence In a flock of tnosk oxen. 
Once we saw a flock of IB Erasing In a plain. Two of the animals wandered 
flwny from each other to ft distance of wine GO metres, then took a run and flew 
ago lust each other. The loser left the battlefield. The animals pasture like 
cows. Sometimes they will set out at high speed for a distance of 100 to 1,000 
metres when they stop short. When attacked they draw op into a flock with 
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the leader at the head find then make a fitfllj nnfiincbin^ly. The animals are 
swift, ftml keen of scent. so extreme care must fee taken In undertaking ta 
rapture them and suefe hunting is as much as one's life is worth. When the 
older animals hnve been dbpostd of tbe yoong ore captured alive by use of a 
lasso made of particularly strong rope The legs of the young animats fire 
hound together and they nre carried aside. The whole effalx Es a matter of 
Seconds and you must he quick, for the remaining animals might attack you, 
and eveii tbe young one* are not to he trifled with. It is no ea.^ tbEng to transfer 
the animals to the vessel. There is likely to he some trouble. The yearned 
calves are easily caught and managed. It 1* & great advantage that they hare 
no horns. About two or three men are able to manage such a calf with their 
hare hands. By means of a muscle or holler we contrived to get them on board 
the boat. Muny are rather refractory but we Ikito them, as much as possible 
to themselves during the transporting. Thou we get them into the whaling 
tionr and upon reaching the ship’s side we hen re the whole boat on dock with 
the animals In It We Chen put them In spacious and solid cases made of two* 
lni?h boards. At first the animate try their strength against the side of the cases, 
but when after a while they undorsiund that the cases arc stronger than tfeem- 
selm they giro Im After n day or two they begin to feed. It Is no use to give 
them hay or gras grown In contaminated fields ns the animals fall 111 with such 
grass and hay K and die. They are very particular although hardy; for instance, 
tbfj never taste water that is not entirely fresh. They soon get used to man. 
Having been Sn the crates on deck for about a week they easily understand that 
there wilt he a dainty tidbit when members of the crew npjiroach with grass or 
moss. The young ones are the most easily naturalized. Therefore, we catch 
young animats by preference. 

HOW THE MUSK OXEN' WERE SHIPPED TO ALASKA 

Transported in crates to Bergen, Norway, the 34 musk oxen on 
September 6,1930, were shipped from there on the Norwegian-Ameri¬ 
can liner Bergen*fjord to New York, where they landed September 
17. The newcomers were received at the port by the late L. J. Palmer, 
then in charge of the United States Biological Survey experiment 
station at College, Alaska, the late E. A. Preble and the late W. B. 
Bell, both at that time of the Wiisliington office of the United States 
Biological Survey. In order to insure against the introduction of 
some of the many diseases of hoofed animals, such as foot-and'mouth 
disease, rinderpest, and surra, the animals were held in quarantine 
for 33 days at the Bureau of Animal Industry Quarantine Station, 
Clifton, N. J. Two 72*foot steel express cars then carried the animals 
to Seattle, where they were transferred to the steamship Yukon of 
the Alaska Steamship Line and reached Seward, Alaska, 7 days 
later. Four ordinary freight care with a temperature of 20® to 40° 
carried them over the Alaska Railroad to College, Alaska, where 
they arrived the night of November 4, and the next day, with the 
temperature at 16 , were unloaded and released in a 40-acre en¬ 
closure on the College of Alaska campus. During their American 
journey the animals were in roomy, individual crates, and were fed 
alfalfa hay and given an abundance of water. They all reached their 
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destination in excellent condition. Most of the animals were not 
wild and were easily driven. One or two of the smallest ones even 
yielded to petting and handling. Food for their first Alaskan winter 
was varied for tests* but they were successfully fed on a number 
of grasses* including alfalfa hay, out. hay* brume hay, and native hay 
(sedge and red top}* Each animal ate about 5 pounds of food daily, 

A SIX YEAH STUDY OF CAPTIVE MUSK OXEN 

And so began the unique 6-year study of confined musk oxen. 
Charles H. Rouse and the late Lawrence J. Palmer* two outstanding 
authorities on range management and animal husbandry, conducted 
the research. Each had had practical experience with range cattle* 
sheep* and horses; each, a thorough university education in range 
mmigeincnt; each, long* close contact with big game In the wild. 
Early in the spring of 1931 the animals were released in a 4,000-acre 
fenced enclosure of the 7*559-,acre pasture included in the experiment 
station grounds. Soon it was noticed that the 4,000-acre pasture was 
too large and the herd was then confined to a pasture of 1,077 acres 
of which GOO acres were summer pasture* 325 acres spring pasture* 
82 acres fall pasture, and 70 acres winter and hay meadow. Smaller 
pastures were fenced for isolating a few musk oxen for observation 
or study* Corrals were constructed and zi loading chute built for 
easier handling of the animals, 

Three years later* June 30, 1934* of the original 34 animals, 24 had 
survived—12 breeding-age cows and 12 bulls. Ten deaths in the 
herd had occurred—live animals were killed by black bears, one cow 
had a broken leg, one died from meningitis* one from actinomycosis* 
and two from some unknown sickness. Between April 29 and June 
24* seven calves were born of which five lived. One had been still¬ 
born and another died from injuries received from a bull musk ox. 

The spring of 1935 was a rewarding one, for each adult cow gave 
birth to a calf* though in one case of a stillborn calf* the cow also 
died. The herd then comprised 12 adult bulls, 11 adult cow's* and 
15 immature* or young ones; a total of 38 musk oxen, the highest 
number reached at the experiment station. Xo calves were horn in 
1935* and through the deaths of seven animals and the transfer of 
four to N uni Yak Island for adaptation studies, the herd was reduced 
in June to 27 animals. It is believed that the cows that gave birth to 
calves* both in 1934 and in 1935, did so because their previous years 
calves were separated from the cows in the fall of 1934. The following 
year of 193G* the calves were not isolated from their mothers* there¬ 
fore were not weaned* and the cows did not breed. In the wild, natural 
condition on its native range* the musk ox does not wean its calf until 
tlie second summer and so breeds every other year. 
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CAM THE MUSK OX BE DOMESTICATED? 

Hope for domestication of musk oxen was high in the early stages 
of the study at the Alaska Experiment Station. It was first believed 
musk oxen were less difficult to drive and corral than reindeer. As 
the animals aged they became irntractable and hard to handle. They 
broke down strong fences. They were belligerent. Familiarity with 
humans had made the musk oxen fearless of their captors. Even 
though they were given excellent care and attention, they nevertheless 
were susceptible to diseases and infections, such as meningitis, acti¬ 
nomycosis, lip-and-leg ulceration, stillbirth, and pneumonia. Black 
beara were destructive to them. Mosquitoes bit the eyes of the musk 
oxen. Some animals were so badly bitten by mosquitoes that they were 
temporarily blinded and in running through the brush seriously dam¬ 
aged their eyeballs. 

Alaskan experiments were made on the possible commercial use of 
the musk ox. Valuable wool constitutes about 60 to 80 percent of the 
hair, the remaining 40 to 20 percent is coarse guard hairs. The wool 
is one of the finest known, comparing favorably with that of cashmere 
or even vicuna. The difficulty would be to obtain pure wool in 
quantities. Clipping the animal may result in its death. Moreover, 
clipping produces a mixture of wool and guard hairs, and no process, 
mechanical or manual, is known by which the wool can be separated 
economically from this mixture, The musk ox sheds its wool be¬ 
ginning about the middle of May and up to the middle of June. It 
can, at that time, be combed from the oxen, which, again, endangers 
their lives either through shock or pneumonia. Wool can be collected 
from objects on which it has attached itself as the animal passed, but 
this would be too slow and tedious a way to get quantities of wool for 
commercial use. Nevertheless, close to 100 pounds were thus gotten at 
the Experiment Station, and much of it used in experimental textile 
work at the University of Alaska in making scarves, stockings, and 
mittens. The flesh of the musk ox is edible, but most people would 
prefer beef, mutton, or pork. Moreover, the quantity of better meat 
cuts from musk oxen is meager, because of their heavy necks and 
foreparts, which produces a relatively small meat salvage in butcher¬ 
ing. The milk of the cow musk ox is as good as cow’s milk accord¬ 
ing to some who had nothing but “tinned” cow’s milk for compari¬ 
son, But the cow musk ox produces no milk until it is 5 years old, 
and then the quantities are small. 

CONCLUSIONS ABOUT THE COMMERCIAL USE OF MUSK OXEN 

The experiments conducted by the United States Fish and Wildlife 
Service near Fairbanks, Alaska, clearly indicated that it is entirely 
impracticable to raise musk oxen as a farming or commercial enter- 
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prist, and any attempt to do so should be regarded only ns an ex- 
pensive experiment almost certain to fail. The primary purpose 
of the studies in Alaska, which were to learn how best to adapt the 
introduced Greenland animals to Alaskan conditions with a view to 
establishing the species there, bids fair to bo successful. The 4 
animals transferred to Nunivak Island ’Wildlife Refuge id 1935 had 
dons well; however, the herd at the Alaska Experiment State had 
become such a problem that the 27 musk oxen remaining there were 
transferred to Nunivak Island and all were released on the refuge on 
July IT, 1936, These 31 animals were all that remained of the original 
34 and their offspring. Nunivak Island was selected for this intro¬ 
duction after careful consideration of all factors—there were no 
predators there, few diseaso hazards, and a favorable environment. 
The island is 70 miles long by 40 miles wide, and is in the Bering 
Sen, some 25 miles from the Alaskan mainland, directly west of the 
mouth of the Kuskokwim River. Here the musk ox herd has done 
well. In the autumn of 1951 an accurate count by airplane showed 
76 musk oxen on the island, 7 of which were calves. A stock of musk 
oxen when left alone in the wild in Greenland tends to double its 
number in about 11 years. The Nunivak herd has maintained this rate 
of increase. 

I do not discredit the effort to raise musk oxen as experimental 
research. I cannot, however, condone the high-pressure sales propa¬ 
ganda that has developed about raising musk oxen commercially. 
Says the advertising, “This will be the first new animal to be domesti¬ 
cated since tlie Copper Age,” This is pure bunk I Many animals, 
both birds and mammals, have been domesticated since the Copper 
Age—among mammals, the silver fox, mink, chinchilla, golden 
hamster, Chinese hamster, and cotton rat. High-pressure advertis¬ 
ing has developed false hopes about raising musk oxen. Already it 
has influenced people to risk their money in raising the musk ox as a 
commercial venture, an investment which is more “wildcat” than 
“musk ox.” My advice is “Do not gamble on musk ox farming.” 




• '» V ... . 
















SmilhwuSii-LTi U*pwi. tffl. JitTswfl 


plate 1 




SmiEluoeufcrt fcpari. 1917.—Jicfemv 


PLATE Z 



lr An cn^fay it Suspected near, and rhe amaiE ^ u p faced it, as in 


ba,ii]c formation* with shoulder hupnps r^iscil in a iieniQnsE.nition of a 


ngcr + 



2 M wmcwhai refcmblin* a small shine? buffalo, id an odd-lwkinj* animal 

■_ x - 1 riLmta fonned by i he wide haset of the hnm. the btifi hatr* hansnne 

™ iim#*, the hump on the iWlden and Hie pate saddle }mt hack of ii. 




Bamboo in the Economy of Oriental Peoples 1 


By F. A, McClUM 1 

Plant Introduction Section 
Agricultural Research Service 
United States Departm ent of Agriculture 
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BaKBOO is fascinating alike to tlie artist, the poet T the craftsman! 
and the scientist. The Western traveler in the Far East has never 
failed to bo intrigued by the ubiquity of bamboo and by the number 
of ways in which it enters into diverse phases of the life of the people. 
He has been struck by its beauty as an ornamental and by its aston¬ 
ishingly varied role in the arts and industries. He has listed its mul¬ 
titudinous uses, praised its virtues, and advocated its incorporation 
into Western agricultural and industrial economy. 


BAMBOO AS A CARDEN ORNAMENTAL 

Bamboo is an essential feature of many planned landscapes in the 
Orient ' the elaborate and extensive gardens characteristic of the 
Golden Era of China, the more restricted type peculiar to Japan to¬ 
day, the relatively tiny secluded inner court of inn, teahouse, or pri¬ 
vate dwelling where there may be room for little more than a bamboo 
screen (ph 1, fig. 1). In Oriental gardens we find living bamboos 
used as hedges, borders, and screens, in mass phmtings, in groves, and 
in isolated clumps. Dwarf forms are often used, in Japan at least, 
as ground cover for open parklike areas, and especially under pine 

Some bamboos are suited to a great variety of treatment, while 
others are less responsive to the skill of the gardener. Tim most 
tractable are the ones commonly employed in pot culture. Several 
types of manipulation are practiced to produce either dwarfed speci- 
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mens or bizarre topiary effects. The dwarf habit is sought especially 
in connection with the production of miniature gardens, though many 
dwarfed specimens are cultivated individually in pots or trays 
solely for exhibition. 

Dwarfness may be a natural state related to genic constitution, 
or it may be the result of cultural treatments involving controlled 
watering and restricted nutrition. Certain devices are employed for 
simulating the dwarf habit by more direct methods to avoid spending 
the time required for bona fide dwarfing. Sometimes a bamboo culm 
of large dimensions is separated from its mother clump, cut down to 
a short stump, and transferred to a suitable pot just before new 
growth starts. The ensuing growth is greatly reduced from the 
normal size, and the presence of the stump itself is considered, by a 
certain school of gardeners and plant fanciers, to enhance the artistic 
merit of the general effect. This treatment is usually practiced with 
bamboos of the clump type of growth, where the new shoots originate 
from the base of the mother culm. 


Another method is used with bamboos of the running type, in 
which the ne w culms normally arise from lateral buds of the slender 
horizontal underground rhizome, A young section of the rhizome 
witn dormant buds is dug up and set upright or at a slight inclination 
fmm the vertical, in a suitable receptacle, with the basal 3 or 4 inches 
coW with soil The exposed portion soon turns green in response 
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Many species and varieties of bamboo are highly esteemed as orna¬ 
mentals. Plants of various species of Easu and Phtflluxtackys are 
perhaps most numerous among the bamboos in Oriental gardens, 
partly because of their ease of culture and their natural decorative 
value, and partly because, in the Orient, gardening reaches its highest 
state of development in the warm-temperature climate preferred by 
these genera. Three tropical species deserve special mention because 
of their striking appearance and popular appeal. These are the white 
powdery bamboo (Lingnanla ekungii) of southern China, the mon¬ 
astery bamboo (Thf/rsost^chy^ of Thailand, and the giant 

bamboo (Dendrocalamm giganteu#) of India. The first, as yet un¬ 
known in the West, has been highly esteemed and even memorialized 
by Chinese poets and artists since very early times. The last Is widely 
known and greatly admired in the West as well as the East, for the 
unique size of its culms which attain truly gigantic proportions. 

In Japan various parts of bamboo ate regularly used for their 
decorative effect* The full-grown leafy culms are often massed to¬ 
gether for temporary background purposes. After the leaves have 
fallen, the dried culms, with their branches bedecked with colored 
paper streamers or gleaming lanterns, are set up for all manner of 
festive occasions. Large bouquetlike arrangements, in which threw 
culm sections of unequal length form the central element, with ever¬ 
green branches massed about the base, constitute a more formal type 
of ornament. In all objects made of bamboo, whether flower vases, 
ornamental baskets, figurines, children's toys, or any of the thousand 
and one objects of everyday use, the natural decorative value of the 
culms or other parts of the plant h always presented to advantage. 

BAMBOO IN FAPERMAKIXG 

Bamboo occupies a very important place in the ancient handcraft of 
papermaking in the Orient Not only is the greater part of the paper 
ussed in the Far East composed of bamboo pulp, but until recently 
practically all of it was made on molds, the essential part of which is 
fashioned from slender strips of bamboo wood. 

Establishment of a paper mill is conditioned upon the availability 
of a sufficient supply of pulp material within easy reach. The in¬ 
dustry depends also upon a steady suppl3 T of clear water and a cheap 
source of the digesting materials, such as quick lime, soda ash, or 
potash. The methods employed in the old mills where paper is made 
entirely by hand are of a very primitive nature and are, for that 
reason, not adequate for refining the highly lignified tissues of ma¬ 
ture bamboo culms. Therefore, the better grades of paper are made 
from young culms only—those that have not yet put forth their 
leaves. For cheap papers the requirements are less exacting, and a 
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Wider range of bamboo species is employed as a, source of pulp. In 
fact, it is probable that any local species in sufficient abundance and 
available at a reasonable price may be used. For making some of the 
very course dark papers of common use for filters, wrappings, etc., 
mature stems are acceptable. The tips of tlie mature clums, a by¬ 
product of the split-bamboo industry, are so employed in southeastern 
Asia. The time allowed for digestion is vety long, often a full year, 
and the pulping methods a re not h igldy refined. 

In the construction of the common type of mold, on which the finest 
paper is still made by band in the Orient, bamboo is always used. 
The essential part of the mold is a flexible screen of slender wirelike 
units fastened together in parallel array by means of hair, silk, or 
ramie. The best screens are made from the peripheral wood of large 
culms of PkijUmUichyg pulescem or P. lambusmdes. After pre¬ 
liminary splitting, the strips are reduced to the desired sire and to a 
cylindrical form by being pulled through a hole in a piece of steel, 
after the manner of wire drawing. In this way wirelike strips of 
marvelous uniformity and fineness may be produced. Some screens 
have as many as 32 strips to the inch. The finished screens, after 
having been treated with lacquer, are objects of great beauty and 
unbelievable durability. The binding fibers, wliich correspond to the 
warp in weaving, are the first part of the screen to wear out. When a 
rereen has been in use many years and can no longer be repaired, the 
bamboo strips are salvaged and reworked into a new screen. 

Bamboo finds numerous other more or less incidental uses in the 
average Oriental mill where paper is made by hand. The half-stuff 
is earned from the digesting vat to the bamboo treading trough in 
bamboo baskets suspended from a bamboo pole. The finished pulp is 
“combed" by means of a bamboo loop to remove coarse fibers (“shives*) 
winch have escaped reduction by digesting and treading. Upon 
addition of vvater, after it has reached the dipping vat, the pulp is 
agitated by means of a bamboo stirring rod to effect an even dis¬ 
persal of the fibers. The vatman and the drier work by the light of 
a bamboo lamp at night. Bamboo rope is used on the windlos for 
applying force to the press. Bamboo forceps are used to pick up the 
corners of the wet sheets from the block as it comes from the press. 
Old bamboo culms that are too highly lignified to make pulp by hand 
methods are commonly used as fuel for drying the paper. The bales 
of finished paper are often covered with bamboo culm sheaths and 
bound with bamboo bands. A bamboo tool, combining the functions 
uf a gauge and an awl, is used to space the bands upon the bales and 
tuck in the twisted ends. 

The. principal technical problems arising in connection with the 
use of bamboo for paper pulp in modem mills have been solved, and 
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many variants of the process have been patented in those countries 
where paper is made on a large scale. At least one of the several 
modern paper mills established in China under an earlier regime 
used bamboo exclusively as a source of pulp, and it is claimed that 
90 types and grades of paper were made, ranging all the way from 
wrapping paper and tissue to bond and ledger. 

As a result of long and careful pioneering experiments by William 
Raitt, and more recent studies by Indian technicians working at 
Behra Dun, India leads the Oriental countries in the volume of 
bamboo pulp produced. Indian mills are now turning out bamboo 
pulp at a rate approaching 250*000 tons per year, principally from 
the culms of Dendrocalatmt* strictus. The major portion of this is 
used for blending, to upgrade inferior pulp made from herbaceous 
grasses and short-fibered hardwoods. In Thailand a modem mill 
makes paper entirely from bamboo, but the total amount and the 
identity of the species used have not been reported. Indonesia and 
Burma both have plans on foot for building modern mills to convert 
a part of their vast bamboo resources into paper. Pakistan has Just 
completed an ultramodern mill designed for an initial production 
of 30,000 tons of bamboo pulp per year, principally from the culms of 
Mdocanna baecifera (pL 2, fig* 1). Japan is producing paper by 
modern methods on an experimental scale and plans for expanded 
facilities are under way. The species of principal Interest there is 
PhyUostachy* bamhusoides, 

BAMBOO AS A TEXTILE 

A great many objects of common domestic and industrial use are 
fashioned entirely or in part from woven bamboo. These have the 
qualities of lightness and flexibility, and there is about them an artistic 
appeal not to be found m any other equally cheap material. 

Bamboo has numerous characteristics that fit it especially for weav¬ 
ing purposes: straight grain, ease of splitting, flexibility, toughness, 
natural gloss, and lightness in proportion to volume, to mention the 
more obvious ones. The individual textile units ora long, thin, tan¬ 
gential segments of the outer layer of the culm, with the epidermis 
occupying the greatest possible dimension* As prepared for most pur¬ 
poses, these units vary up to about 8 feet in length, from one-fourth 
to three-eight Its of an inch in width, and from one-sixteenth to three- 
sixteenths of an inch in thickness* For certain types of basketry and 
matting these may be much narrower or much wider. For very fine 
matting the outermost layer is removed to make the strips perfectly 
fiat and to eliminate the unevenness occasioned by the nodal rings, 
and the finished strips may be but one-sixteenth of an inch or less in 
width, and exceedingly thin. For certain kinds of sawile (a type 
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of matting common in the Philippine Islands, whence comes the name, 
and in southeastern Asia generally), the culms are first cracked at 
several points around each node, then opened by a single longitudinal 
slit. When the diaphragms have been removed, the culms are spread 
out fiat. 

BAMBOO IN BASKETRY 

In the Orient bamboo baskets and trays enjoy a usage more varied, 
perhaps, than that accorded any other bamboo article. This is true 
in the outer world of industry and transportation as well as in domestic 
circles where there is still much fetching and carrying to be done and 
where drying is the prevailing method of preserving foods. The 
Orient possesses no material, other than bamboo, that is available 
in such abundance or is so well suited to the construction of light, con¬ 
venient, attractive, and inexpensive baskets and trays. 

Baskets of a design peculiar to the individual need are used by 
money changers, carriers of sand and earth, tenders of newly hutched 
chicks, wholesale food merchants, dealers in crude drugs, and peddlers 
of fish, fruits, and vegetables. Baskets in an infinite variety of shapes 
and weaves are available, particularly in Japan, for the decorative 
arrangement of flowers and fruits. For the farmer’s wife, the herb¬ 
alist, and the maker of candied fruits, bamboo trays provide a cheap, 
light, and convenient means of exposing things to the sun and of 
gathering them up again quickly when rain threatens. Bamboo 
basket.s and trays constitute an important item of equipment required 
for many large-scale industrial and commercial pursuits in the Orient. 
In the silk industry the mulberry leaves are brought from the field in 
bamboo hampers, while the silkworms are hatched, and spend the 
whole of the caterpillar stage, on bamboo feeding trays. As a fitting 
finale they are placed, when mature, upon racks fashioned from bam¬ 
boo in a form suggesting tree tops where, in the wild free state, their 
ancestors spun their cocoons. The shape of these spinning racks is 
eleverty designed, however, in deference to the requirements of space 
economy. 

In southeastern China, pig crates, chicken baskets, and tree pro¬ 
tectors (pi. 1, fig, 2, and pi. 5, fig. 1} arc made from heavy strips of the 
culms of B&mbusa tuldciden and related species. In this same region 
trays and baskets are woven principally from thongs of Bambusa 
textile, while certain heavier parts, such as the stays and rims, are 
usually made from Bambmn tvldoides and similar kinds. In more 
temperature regions, including Japan, various species of Phyllo- 
stachys are used for all parts of these containers (pi. 7, fig. 1), In 
more tropical regions a wide array of species, chiefly of the genera 
Bambmsa y Dcndr&calamut, Jfdocanna , Gigantochloa, and Schiso- 
ttaohywny yield basket-making materials. 
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Stones used in the construction of dams and in the repair of dykes 
are held in place by being confined in cylindrical baskets of bamboo 
(pi. 2, fig. 2 ) of the same general pattern as the pig crates and tree 
protectors mentioned previously. 

BAMBOO MATTING 

Bamboo matting is woven in a great variety of shapes and patterns 
and is employed in many ways in the Orient. One sort, of incredible 
fineness and flexibility, is used in China ns the equivalent of bed 
sheets and pillow cases during summer weather. Long narrow strips 
of a sturdy tight-woven form are used by itinerant duckherda for 
corralling the fowls at night, and by farmers for making demountable 
grain bins. Fruits and other products which would be spoiled by 
contact with the soil are spread out to dry on squares or rectangular 
pieces of coarse bamboo matting. Similar mats are used ns overnight 
covers or during showers to protect farm produce being cured or 
dried in the sun. Bamboo mats are made in various sizes and weaves 
for use as a covering for the walls and partitions of bamboo dwellings 
(pi. 3, fig. 1 ) ami more temporary structures. Matting of open weave 
serves to reduce the light to an intensity suitable for orchid culture, 
while sunshades and windbreaks of close-woven bamboo mats are 
often erected for the protection of other delicate horticultural mops. 
On certain types of water craft, bamboo mats serve as shelters against 
the elements and on occasion as emergency sails. The “sea anchors’’ 
employed to harness the current for steadying boats engaged in fish¬ 
ing or dredging are made of bamboo matting. Fences made of coarse 
bamboo matting may also serve as windbreaks or screens for privacy. 

Most matting is uncolored and depends for its ornamental appeal 
upon the weave pattern. Sometimes, however, interesting color pat¬ 
terns are produced by using dyed strips of various hues. Stage set¬ 
tings are sometimes composed of scenes painted on bamboo matting. 
Plain bamboo matting is effectively used as a background for the 
display of paintings and objects of art. 

The Institute of Science and Technology, at Manila, has recently 
conducted successful experiments in the use of fine bamboo matting 
as a stress skin for airplane fuselages. The bamboos used are re¬ 
ported os Bambnaa spinosa and B. wtparts. 

In Japan and the temperate parts of China various species of 
PkyUott&chya yield the strips used for matting. In southern China, 
Bambwa textilis is the matting bamboo par excellence. In the Flul- 
lippine Islands matting is made principally from the culms of 
Schizostachyum spp., while in the more southerly parts of Asia and 
in Indonesia and adjacent islands those from Bambusa , Dendroca- 
lamta, Gigantochloa y Mdwanna, and Sckizcstacfiyum are used. 
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We usually think of matting as a woven product, but there is a 
kind called “smooth matting” made in China by another method. 
These mats are constructed by stringing together, edge-to-edge, par- 
tially split sections of the culms of Phyllostachys pubeseens. Flaw¬ 
less sections are selected from the lower middle portion of large culms 
where there is the least taper and no branches. These are cut to a 
length precisely equal to the width of the finished mat. The external 
nodal projections are planed or scraped down to the level of the rest 
of the culm surfaces. Each section is then split into strips about an 
inch in width, and these are kept in their original order. The frag¬ 
ments of the diaphragms are now removed and the strip are again 
split at intervals of perhaps an eighth of an inch this time through 
only about two-thirds of their length and alternately from the two 
ends. These inch-wide strips may now be Battened out. They are 
laid, one by one, outer side down, on a fiat surface and drilled tan¬ 
gentially with three pairs of holes (one pair at the middle and one 
near each end) always precisely located. The different sets of strips 
from the several culm sections ore now matched, planed on the edges 
where necessary, and then strung together on heavy cotton cord- 
Such mats are used chiefly for covering beds and cots for summer 
usb in warm climates. The upper side, wliich is formed by the outer 
waxy surface of the bamboo, takes on a pleasing natural polish with 
use and provides incredibly cool and comfortable sleeping conditions 
in the hottest weather. 

BAMBOO ROPE 

Ropes made from bamboo are used more extensively in China, per¬ 
haps, than in any other Oriental country. They have several points 
of distinct superiority over ropes made from other fibers. This is 
especially true where the rope is frequently wetted or subjected to an 
unusual amount of abrasion, as in the drilling of wells, the pumping 
of salt brine, and the towing of boats. 

Two general methods of manufacture are used. The easier and 
more common method is essentially like that by which rope is made 
in the West by hand, the same twist ing devices and “rope walk” being 
employed. It consists simply of the operations involved in twisting 
the individual strips together. The primary units may be further 
united, by twisting, into successively larger units until cables of pro¬ 
digious siste, up to 2 feet in circumference, may be made. Such great 
ropes are employed only in constructing mighty cable bridges or in 
the repairing of important dikes during a flood. 

A much more durable type of rope is plaited or braided in a tubular 
form, but this can be made only in rather slender sises. The work is 
performed in a tower, and the rope is lowered to the ground as it is 
finished. It is much more tedious to make this kind, but it has a con- 
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siderably greater tensile strength per unit of weight than the twisted 
sort. For tracking purposes (towing river boats by manpower), the 
superiority ol the braided rope is outstanding. Being of open con¬ 
struction and consisting of coarse units, it holds less water and dries 
more quickly after having been submerged Again, in places where 
the towputh swings around the convex side of a rock cliff, the rope 
often rubs against the rough surface under considerable tension. When 
the plaited type of rope becomes damaged by this hard usage, individ¬ 
ual strips may be replaced, thus restoring it more or less completely 
to its original condition* When this rope becomes so aged or worn 
that it must lie discarded, U is cut into convenient lengths, dried, and 
used for torches* 

Small bamboo ropes of the twisted type are commonly employed for 
such temporary functions as binding together the units of rafts made 
up of lumber, fuel wood, or bundles of bamboo, for transportation by 
water. When these raf ts are moved by means of the stream current or 
the tide instead of being towed, guiding, braking, and anchorage are 
miraculously accomplished by means of stone-weighted wooden an¬ 
chors attached to the stern by means of bamboo rope, and floated inter¬ 
mittently upon smaller, trailing bamboo pilot rafts. The passage 
boats operated on the inland w atercourses are bowed by means of large 
twisted bamboo ropes or cables. Bamboo ropes are used in western 
China for drilling salt wells and for hoisting brine. 

BAMBOO AS A BUILDING MATERIAL 

In vast ftreas, bamboo is the one material that is sufficiently cheap 
and plentiful to fill the tremendous need for economical housing (pi. 
fig. 1), Bamboo is employed in many ways, often as much for its 
ornamental value as for its superior fitness in homes built primarily 
of more substantial and more costly materials. It is eminently suited 
and economically desirable for the construction of all parts of a house. 
It serves admirably for the builder's scaffolding as well, The natural 
units, or culms, are of a si£e and shape that make handling, storing, 
and processing both convenient and inexpensive* The characteristic 
physical structure of the culms gives them a high strength-weight 
ratio. They arc round or nearly so in cross section and usually hollow, 
with rigid cross walls strategically placed to prevent collapse on bend¬ 
ing. The strong, hard tissues of great tensile strength are most highly 
concentrated near the surface of the culm walls. In this position they 
can function most effectively, both in giving mechanical strength and 
in forming a firm resistant shell. Because of the nature of their sub¬ 
stance and grain, bamboo culms are easily divided by hand into shorter 
pieces by sawing or chopping, or into narrow strips by splitting. No 
costly machines are required; simple tools suffice (pi. 4, fig. 1). The 
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natural surface of most bamboos is clean, hard, and smooth, with an 
attractive color when the culms are properly matured and seasoned. 
Bamboos have little waste and no bark to remove. 

The construction of bamboo walls is subject to infinite variation, de¬ 
pending on the strength required for resistance to natural forces, such 
as earthquakes and hurricanes, and protection from rain and ordinary 
winds* Either whole culms or longitudinal halves may be used. 
They are arranged either horizontally or vertically* In the vertical 
position they function more effectively and are more durable because 
they dry more quickly after a rain* 

For practical reasons window and outside door openings are kept to 
a minimum, though they must be sufficient to supply the needed light 
and ventilation. They may be framed with wood or bamboo. The 
doors themselves may be wood, or they may be woven bamboo matting 
stretched on a bamboo frame. A panel of bamboo boards is some¬ 
times set. in a hardwood frame. A sturdy gate!ike barrier may be 
constructed of whole bamboo culms. Bamboo window bars often take 
the place of iron or steel ones, and bamboo window shades are 
common. 

Serviceable and attractive floors may be made entirely of bamboo. 
The principal features are tlis supporting beams, wliich are part of 
the basic frame of the house, and a floor covering. The floor covering 
may be of small whole culms, strips, or bamboo boards made by open¬ 
ing and flattening out whole culms. In this last case the floor is gen¬ 
erally fastened down by thin strips of bamboo laid transversely find 
secured to the supporting members by thongs, wire lashings, or small 
nails, according to local preference and the materials available. 
Bamboos are utilized to excellent advantage in roof construction be¬ 
cause of their high strength-weight ratio* 

It is common practice in the Orient to complete scaffolding to its 
full ultimate height before a building is started. In the more tropical 
regions this is topped off by a thatched roof as a protection against 
sun and rain during building operations. 

Bamboo scaffolding is very often erected against apartments and 
private dwellings to support bamboo matting for shedding sun and 
rain during summer. Bamboo screens give privacy in crowded 
communities. 

BAMBOO SHELTERS AND OTHER MORE OR LESS TEMPORARY 
STRUCTURES 

One of the simplest examples of a temporary bamboo structure is 
the roadside shelter erected by the impecunious dispenser of cheap 
refreshments who expects to carry on his business at a particular spot 
only during the course of a local fair or the run of an itinerant the- 
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atrical troupe. Such a shelter may consist of little more than four 
bamboo posts set in the ground and surmounted by a rough lattice of 
bamboo culms to support a thatch of grass or palm leaves. If the 
proprietor spends the night there, three sides may be covered with 
bamboo matting supported by a few extra bamboo crossbeams and 
braces. Shelters for an agricultural or industrial fair or flower show 
are put up by a commercial mat-shed builder on a larger scale and 
more securely. Itinerant theatrical troupes employ bamboo struc¬ 
tures of a distinctive architecture, tall and narrow, with the walls of¬ 
ten covered with gaudily decorated mats, and surmounted by orna¬ 
mental devices of traditional rococo design. The floor, which is 
elevated several feet above the ground, is made of thin wooden planks 
laid on bamboo beams and held in place by thin Btrips of bamboo 
bound down by bamboo thongs. The top-heavy structure is held erect 
bj r means of long bamboo braces, to which is often added the security 
of bamboo guy ropes. 

Mention of these theaters, built for short gala festivals, calls to 
mind the much more highly ornamented and even more transient “tri¬ 
umphal arches” or gateways creeled over the road to be traveled by an 
honored guest or a conquering hero. In these triumphal arches the 
versatility of bamboo as a building material and a decorating medium 
is exhibited to fine advantage. 

BAMBOO IN ORIENTAL FURNITURE MAKING, COOPERY. AND JOINERY 

The furnishings; of a house may be more or less predominantly of 
bamboo construction, depending upon the pecuniary circumstances 
or the artistic tastes of the family. The kitchen stools, the baby s 
play chair, the sofa used for the afternoon siesta in torrid weather, 
and the settee on the veranda or in the garden pergola are all articles 
of furniture commonly made of bamboo. The species used for this 
purpose vary locally, but in the more temperate parts of the Orient 
most of them belong to the genus PhyUostachys. Now and then one 
w ill sco a treasured settee or a tea table fashioned from the brilliant 
purplish-black culms of Pkyllostachys nigra. In more tropical areas 
various species of [iambuea enter into furniture making. Bamboo 
dowel pins are commonly employed by carpenters for joining boards 
edge-to-edge in the making of certain articles of furniture such as 
beds and wardrobes. Tlie best dowel pins are made from the rind 
wood of Arundmaria amabilis. PhyUontachys pubescent is also used. 

Bamboo enjoys, enormous usage in the Orient in the form of hoops. 
The large wooden tuba used in the pickling and food-processing in¬ 
dustries are commonly bound with bamboo hoops (pi. 5, fig. 2). These 
are more resistant than iron hoops to the action of salt and vinegar. 
While wooden water buckets and wash basins are almost always first 
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bound with iron hoops, when at length tiie.se give out the itinerant 
repairman replaces them with bamboo. 

Bamboo hoops are always made up of a number of slender strips 
(pi. fig. 2). These are fabricated into a circular unit of the desired 
dimensions either by twisting or by plaiting. The plaited form is 
more durable and probably has a greater tensile strength per strip 
unit. The twisted form is easier to make and is, therefore cheaper. 
An important feature of the technique of making both sorts is keep¬ 
ing rind or outer surface of the strips always on the convex side of n 
bend or curve. 

Bamboo hoops of the plaited type are indispensable in the oil- 
pressing industry, being employed to form, along with rice straw* 
the outer shell of the cylinder which confines the oil-bearing meal 
while it is under pressure. The meal is wrapped in straw in the 
form of disk-shaped packages, each supported on its periphery by 
several bamboo hoops. The units are placed side by side in the 
primitive wooden press which is operated by hand on the percussion 
principle. 

We do not ordinarily think of bamboo as a wood appropriate to 
the joiner’s art. However, the making of the bamboo buckets and 
tubs used as containers for cooked rice is a trade in itself. Some 
3(ho<!d tools, each with a special function, compose the kit of the 
maker of these bamboo vessels f 

BAMBOO BRIDGES 

A very ingenious device is often erected for transporting persons, 
goods, and animals across deep swift streams, particularly in the 
mountainous borderlands between China and Tibet, where few bridges 
are available. This device consists of a strong cable fashioned of 
split bamboo and having a diameter commensurate with its length 
and the weight of the load it is likely to bear. The following de¬ 
scription is taken from E. H. Wilson, W A Naturalist in Western 
China,” voL 1, p, 164,1313: 

TIt&se -simple bat extremely useful structures consist of a bamboo hawser 
stretched across the fttreaui usually from a higher to a lower pointy If the 
stream Lb moderately narrow the quest tail of incline la of less Importance- The 
hawser mar be anything from g inches to a foot thick, and being: heavy saga 
considerably in the mid die. To cross one of these cable bridges a i^rson Is 
supplied wiih a length of strong hempen rope banging free from a saddle- 
shaped runner of cals or some other touch wood. The runner clips the cable, 
and the hempen rope is fattened under and around the legs and waist to form 
a cradle. When aR I* properly secured the person throw’s one arm over tbe 
top of the runner, gives a slight $prlng H and glides down the Inclined cable al 
an Increasing speed. The impetus obtained In the downward rush carries the 
passenger over the central dip and more or less up the lesser Incline oh the 
opposite side. If the momentum is ioimfHerent to land tbe jierson, ihe remain' 
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fug- distance has to ba travcrsied by taking? hold of the hawser and hauling 
hand over hand. Crossing by these bridges in fearsome work until one Is ao- 
custctacd to It It Is speedily accomplished, and there is practically no danger 
so long as one keeps a cool head and the roi*fes do not break. It Is a common 
wight to seo men with loads and wotnen with children on their back* cross 
these bridges. Bat hear y load* are usually fixed to the runners and hunted 
across by h rope attached to them. 

These cables are used in another very interesting manner to ex¬ 
pedite and make safer the crossing of some of the streams which are 
too swift for ordinary navigation. Here the cable is suspended at a 
height of a few feet above the surface of the water, and instead of the 
( WdIe” a boat ia attached to the wooden “runner” Then the force 
of the current, which, would otherwise curry the boat downstream in 
spite of aJI human efforts,, is transformed by means of an oar or 
rudder set at the proper angle into lateral thrust which carries the 
boat quickly from one bunk to the other (pi, 6, fig* 1). 

The next natural step in the evolution of these structures is as a 
suspension bridge which may well be considered the prototyj>e of our 
modern ones, of which the Brooklyn Bridge is a well-known example. 
Thinly populated mountainous western China boasts the most mag¬ 
nificent of these, and for the following description we are likewise 
indebted to Ik H. Wilson (op + cit-, p. 171); 

This remarkable structure I* about 250 yards long, nine feet wide, built en¬ 
tirely of bamboo cables rest lug on men supports fisod equidistant In the bed 
of the stream, the central <me only being of stone. The floor of the bridge rests 
across 10 burning cables^ each 21 Inches hi circumference, mode of bamboo 
culms, split aud twisted together; five similar tables on each Hide form tho 
rails. The cables are all fastened to huge capstan*, embedded hi masonry r 
which, revolved by moans of Fjmrs and keep ibe cables taut- The floor of 
the bridge Ls of planking held down by a bamboo rope on either side. Lateral 
strands of bamboo keep the various cables In place, and wooden pegs driven 
through poles of bard wood assist In keeping the floor of the bridge In position. 
Not a single nail or piece of Iron Is used In tbe whole structure. Every year 
the cables supporting the floor are replaced by new ones, they themselves 
replacing the rails. This bridge Is very picturesque In appearance, and a most 
ingenious en^lnrerlog feat 

BAMBOO IN THE FISHING INDUSTRY OF THE ORIENT 

To most Americans “bamboo” and “fishing” are ideas almost as 
intimately associated as are tho words “broad” and “butter.” Indeed, 
for many the term “fishing pole” is synonymous with the word 
“bamboo.” In the Orient, however, this association is very much 
more profound and intimate, as well as more ancient. This fact 
may be verified by anyone, even though he may not be privileged to 
see the varied bamboo gear that is an essential part of the Oriental 
fisherman's paraphernalia. It Is sufficient to look up the names of 
these objects in a Chinese dictionary, for it will be found that a great 
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many of these complex terms {ideographs and pictographs) contain 
the symbol for bamboo. This fact signifies that even before their 
names were first reduced to writing, bamboo was employed in the 
making of the devices themselves. It is perhaps sufficient for our 
purpose to mention a few of them: Traps, weirs, sluices, barriers, 
poles for hook-and-line fishing, spears, sea anchors, floats, trays and 
poles for drying fish and baskets for transporting them, netting 
needles, poles for drying nets, punting poles, and scuff or dip nets, 
including karojals and salambas. The dredges, punting poles, sieves, 
and sea anchors of Oriental clam-dredging equipment are all made of 
bamboo. 

BAMBOO IN THE EXPORT TRADE OF ORIENTAL COUNTRIES 

Bamboos and bamboo products are exported from China, Japan, 
and Burma in important quantities. Today, much of the bamboo 
trade of China is carried on with neighboring countries, 

Western countries draw upon the Orient chiefly for ordinary bam¬ 
boo poles, Tonkin cane, split bamboo, and bamboo shoots. In the 
exportation of bamboo poles for use in their natural state as fishing 
rods, etc., Japan leads by a wide margin. All or nearly all of these 
poles come from species of Pkylloatachys, 

Tain glee cane, also called Tonkin cane (A-rundinaria avuibilh ), 
falls in a distinct category. As far as our present knowledge goes, 
it is produced exclusively in a small area in the hinterland of Can¬ 
ton, in southeastern China, and under the earlier regime practically 
the entire production was shipped abroad, principally to England, 
Germany, and the United States. Several special processes are in¬ 
volved in the preparation of the culms for export. The culms of 
this bamboo have so many splendid qualities and meet such impor¬ 
tant technical specifications that they are greatly in demand. The 
larger canes are extensively used, particularly in Great Britain and 
the United States^ in the making of various articles for sports, for 
example, split-bamboo fishing rods, and vaulting poles. Medium- 
sized canes, under an inch in diameter, are used for making skiing 
staffs, garden stakes, handles for collecting nets, etc., while the smaller 
sixes go into flower stakes, pennant sticks, etc. 

India formerly exported, principally to England, considerable 
quantities of Calcutta cane { \DendroralamU9 from which 

split-bamboo fishing rods were made originally. Since the discovery 
of the superiority of Tonkin cane for this purpose, however, the 
exportation of Calcutta cane has dwindled to almost nothing. Burma 
exports important quantities of the culms of a bamboo of undeter¬ 
mined botanical identity, known in the trade as Burma Cane. They 
are much used in this country, in the natural state, for surf rods. 
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Southeastern China is the chief source of split bamboo, the prin¬ 
cipal use of which in Western countries is the making of coarse 
brooms for street cleaners. It is also used to a limited extent in 
handcraft classes as a material for weaving. This product comes 
principally from Bambuxa text His. 

Edible bamboo shoots are exported from China and Japan chiefly 
to adjacent countries. While the exportation of this commodity to 
Western countries has been small in total volume, it reaches a wide 
geographical area, and the growing taste of Western peoples for 
Oriental food is increasing the demand. This augmented demand is 
being met, at least m part, by the canned product. It is probable 
that the raw shoots exported have consisted almost exclusively of the 
dormant winter shoots of Phyltostachya pubesccns, The canned 
shoots from Japan and central China also come from this species, 
while those from southeastern China are supplied by Sinocalamus 
beecheytmw and & lattjlorus. It appears that small quantities of 
dried shoots of Bambusa aimspinosa and the Benon bamboo, a form 
of Pkyllostachyt myra t are exported from southeastern China to 
nearby countries. It is estimated by Chinese restaurateurs in the 
United States that the annual importation of bamboo shoots in cans 
or tubs currently amounts to about one million dollars. They come 
principally from Japan, Hong Kong, and Formosa. 

BAMBOO IN TRANSPORTATION 

Some idea of the importance and the extent of the use of bamboo 
in Oriental transportation may be conveyed by the following random 
list of adjuncts and appurtenances: Rafts, puuting poles, tug and 
tracking cables, stay ropes, anchor ropes, sail covers, hoists, landing 
stages {both floating and fixed), fathoming poles, bilge pumps, carry¬ 
ing poles, baskets of various design, tung-oil buckets, pig and chicken 
crates, tally sticks, matting, yokes and beds for oxcarts (pi. G, fig, 2). 
Calking material is commonly made of shredded bamboo (prepared 
by scraping the culms) imbedded in a putty composed of lime and 
tung oil. 

BAMBOO ON THE ORIENTAL FARM 

The Oriental fanner may or may not have his own grove of bam¬ 
boos for the production of shoots to be eaten or culms to bo fashioned 
according to his various needs. In any case, whether he grows his 
own materials or buys them elsewhere, bamboo is an important factor 
in his daily life. 

Perhaps in no other Oriental industry does bamboo play a more 
varied role of usefulness than it does in agriculture. In fact, so 
many bamboo tools and devices are used on the farm and in the 
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garden, as well as in the household itself, that it is not feasible to 
discuss Ehem all in the present paper. 

Certain bamboo articles are indispensable to almost every kind of 
farm work, There is hardly a single activity which docs not involve* 
sooner or later, directly or indirectly* the use of baskets or trays. In 
many areas bamboo carrying poles are an inseparable adjunct to the use 
of baskets* whenever there is something to be moved from place to 
place. In the culture ami liar vesting of field crops the following bam¬ 
boo devices and appurtenances come into play at one time or another: 
Fences, irrigation wheels and irrigation pipe, well sweeps, handles 
for hoes, rice-cultivating rakes and other tools, flails (pL 7, fig. 2) and 
threshing boards, and demountable grain bins made of narrow strips 
of bamboo matting erected in a spiral. 

The hill tribes of Hainan, the Philippine Islands* and the adjacent 
mainland of Asia harvest their rice in short “hands? made up of the 
heads plus a 6- or 8-inch portion of the stalk. These “hands” are 
cured on a long narrow rack consisting of a row of pasta set firmly 
in the ground with slender bamboo culms bound to them in a hori¬ 
zontal position at close intervals, and to a height of about 6 feet. The 
‘Tiands™ of rice are thrust between these bars in dose order and al¬ 
lowed to remain there until they are thoroughly cured before being 
removed to the granaries. A narrow thatched roof protects them 
from rain. In the threshing, winnowing, and transportation of the 
grain, bamboo baskets, trays, and scoops are all-important. 

Wherever the crops arc of such a nature as to require protection 
from the depredations of wild creatures, not to mention domesticated 
carabao, pigs, and chickens, bamboo fencing comes into play. As for 
the birds, against which fences are of no avail, scarecrows of infinite 
variety are fashioned more or less exclusively out of bamboo. 

Against insect enemies fruit growers bring bamboo spray guns 
into play. In the citrus groves of southern China where a certain 
species of predaceous red ant is colonized on the trees to keep down 
parasitic scales and other insects, bamboo poles serve as .a means of 
intertree transit for the ants. As the harvest begins to mat lire, bam¬ 
boo poles serve as supports for overladen branches. And when the 
fruit is ripe, it may be removed from the tree by means of bamboo 
poles equipped in various ways. When twigs of choice trees are in¬ 
arched, small potted stock plants are held in place within the tree 
by long bamboo stakm 

The care, protection, and control of livestock utilizes bamboo fences 
and shelters, feeding troughs and rearing crates, and leading staffs for 
vicious hulls. The duckherd always carries a long-handled, soft- 
lashed, bamboo whip with which he gently chastizes the laggards. 

In Oriental vegetable and flower gardens we find bamboo poles for 
supporting the vines of beans and melons, and smaller stakes for other 
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I, Ai the recently completed Kamaphuli Piper MUI, E»i Pakistani bamboo will be med 
to produce IOU lou-s of pulp per Jay* Equipment shown was specially (IclLgtld to lift 
raked bundles of bsmbm from the river io the flume, by way of which they will reach 
the mill. 
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LA* demonM/atcd by this bjHiiUm workn .v, ChilTaiM-tlg, E,i*l Pakistan, who j-s makini; 
lashtn^ to lake the plate of nails, no caiuplicfrttd or CDBtly tnachldery h required 10 process 
bamboo for bLiiEtlrn purposes 
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The garden of Sunkichi filiida, near 
mirably minaped* The exacting p 
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U, S. Department ol Agriculture.) 


Tokvo, Japan, Japans bamboo gardeni arc ad- 
roc c Jure* for spacing thc tru I eels, and harveding the 
experience (Photograph by P- 11- D' -rsetl. from the 
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weak-stemmed plants. The sprinkling buckets are equipped with 
bamboo spouts. Windbreaks are often used as a protection against 
unseasonable blasts from the north* and, for certain delicate plants, 
bamboo sun screens are sometimes erected* 

Within the household are found, In addition to the various articles 
of furniture, bamboo brooms, rakes for gathering fuel, fire-blowing 
tubes, laundry poles, chopsticks, serving trays, colanders, sieves, grat¬ 
ers, etc. It is a common practice among the more primitive peoples of 
the Orient to use sections of large bamboo culms us water buckets 
and for storing oil and other liquids or for conveying them from place 
to place* 

BAMBOO AS A FARM CROP IN THE ORIENT 

The rural culture of bamboo in the Far East varies in its nature all 
the way from the intensive and detailed husbandry (pi. 9) charac¬ 
teristic of Oriental agriculture and horticulture, in general, to a casual 
treatment in which the plants are practically allowed to shift for 
themselves after they have been set out. The bamboos grown as a 
farm crop may be classified, roughly, Into three groups: those grown 
for their edible shoots alone, tho^c grown for both shoots and mature 
culms, and those grown for the mature culms only. 

There are two general types of cultural practice, corresponding to 
the two types of rhizome growth* Bamboos of the clump type (those 
that have sympodial or determinate rhizomes), such as species of 
Bambwa , Dendro ealam us, Sokizmtackyum , and Lmgmini d, are cul¬ 
tivated by preference on level land, since the shallow rhizomes of this 
type of bamboo sometimes are at a certain disadvantage in hillside 
culture. Even when grown on level land, many of these bamboos 
thrive best when some fresh earth is thrown over the rhizomes each 
year* In the culture of this type bamboo for shoots (Stno&damu3 
beecheyanwt and S- latlfi&rux) y as carried on in southeastern China, 
the earth is pulled away from the base of each clump every year in 
December or January and the dead wood of old rhizomes is removed. 
The earth is then heaped up afresh and the systematic application 
of fertilizer, usually diluted urine, is begun (pi. S). In addition to 
protecting the rhizomes and roots from undue exposure and drying, 
those heaps of earth sene to protect the young shoots from the light 
until they are large enough to be harvested. This is important, for 
the action of sunlight spoils their flavor* 

Bamboos of the spreading type (pi. 9) with slender, indeterminate 
rhizomes, such as species of Avuiul I nariu and PhyUostachys , are grown 
on both level land and hillsides. Aside from the question of fertility, 
which is usually higher in level land, hill land seems to be preferred 
by bamboos of this type. This may be due in part to their abhorrence 
of poor drainage. It may be, also, that the slope of the land affords 
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fl certain stimulus which would explain the use bj the rhizomes of a 
greater vertical range of the soil strata, a condition evident in hillside 
cultures* This postpones the competition between rhizomes which 
soon becomes apparent in plants grown on level land* 

Culture of bamboo exhibits a great range of care. One extreme 
\s represented by complete neglect of the grove other than harvesting 
the shoots at the appropriate time or cutting the culms when they 
are mature. One degree of improvement comes with selection of those 
shoots that are to be allowed to reach maturity, and the intelligent 
choice of culms to remove, looking to the maintenance or increase of 
the productivity of the grove. A further improvement is represented 
hy removal of weeds and bush from the grove once a year, When the 
careful farmer sees that the soil has become choked w ith an accumula¬ 
tion of old rhizomes, he renovates the grove or shifts its location- 

In addition to being grown os a farm crop, bamboo is extensively 
used throughout the Orient to form living hedges, barriers, and wind¬ 
breaks* While these are usually informal, they are sometimes trimmed 
and restricted rather systematically. Bamboos of the clump type are 
preferred for these purposes in areas where they are sufficiently 
hardy- Unlike bamboos of the running type, they form rather com¬ 
pact tufts, spread slowly, and do not encroach upon adjacent land. 
For small, formal or informal, ornamental hedges in tropical and sub¬ 
tropical areas, varieties of BamJmm multiplex are generally used. In 
more temperate regions dwarf species of Phyllostackys^ Sosa, or some 
of the other related genera are employed. For the protective barriers 
about villages so commonly scon m the more tropical parts of the 
Orient, large spiny-branched bamboos of the genus Bambum are 
employed. The shoots of Bambma mwtphwsa and B w blumeana are 
edible after parboiling- In China the former are usually dried for 
consumption during the winter season- The latter are used to a very 
great extent as an esculent in the Philippine Islands. 

BAMBQO IN THE PREVENTION OF EROSION 

Although the potentialities of bamboo as a means of preventing 
erosion on steep slopes have never been fully exploited in the Orient* 
the plant has been consciously used to excellent advantage for this 
purpose on levees and dikes. Bamboo groves of the spreading type on 
mountain sides incidentally serve this very important function to a 
much greater extent than is generally realized. 

USES OF BAMBOO CULM SHEATHS 

Bamboo culm sheaths are husklike structures which completely 
clothe and protect the young culm or shoot. The base of each sheath 
is attached to the culm at a node. In most bamboos the sheath falls 
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away from each successive node, beginning at the basal ones, as soon 
as the internode stops its growth in length; in some the sheaths persist 
and gradually disintegrate in place. 

The culm sheaths of certain species of bamboo, particularly of the 
genera Bambumij DendTOCtdettnus, and PhyUodachys, have special 
characteristics in respect to sue, texture, toughness, and flexibility, 
which suit them for various purposes. The flexible sheaths of several 
of the larger species of Phyllostachys, for example, are commonly 
employed, in both China and Japan, as covers for earthenware jars 
in which certain food products are stored. Other foods are regularly 
wrapped in these flexible sheaths for display and retail disposal 
(pi. 10). In Japan, slender strips of this same type of sheath are 
widely used in place of twine and in nurseries as a substitute for 
raffia. They are moistened to increase their toughness while being tied. 

In southern China the sheaths of a largo thorny species {Bambusa 
sinospinom} are torn into narrow strips to serve as the weft of 
coarse sandals. Here also woven-bamboo casks lined with the broad, 
stiff sheaths of SinocaUmus latifiorus are commonly employed for 
transporting incense powder. In central China the sheaths of the 
larger species of Phyliostachys are used to line these incense casks 
and to serve as a protecting cover for bales of the cheaper grades 
of paper. In various localities in the Orient, bamboo culm sheaths 
are emplo5'ed as a waterproof and sunproof lining for inexpensive hats. 

In Oriental hand printing and block-print making, the paper is 
laid upon the inked block, A clear and uniform impression is then 
insured by rubbing the paper with a pad known as the “baren, a 
term borrowed from the Japanese. The baron has a firmness suited 
to the peculiar needs of the work to be done. It is basically a thin 
disk of wood podded with several layers of tough paper. The outer 
covering is always a smooth, tough, flexible bamboo sheath.^ In both 
China and Japan the baren used by printer and tflockmnker is covered 
with a culm sheath from a large species of PhyUostachys^ usually P. 
pubescent or P. bambusoidet. 

One often sees, in the more tropical parts of the Orient, scarecrows 
made from large stiff culm sheaths. The sheaths are either su»penclcd 
by a short cord" from the tip of a bamboo pole thrust into the ground 
at an oblique angle, or simply impaled upon a short stick set upright. 
As the sheath swings about in the breeze, the pale, polished, inner sur¬ 
face and the dull outer one reflect the light differentially, exaggerating 
the effect of its motion. 

CONCLUSION 

This account only begins to cover the phases of the utilization of 
bamboo. The conscious aim has been to present an intimate view of 
selected aspects in those areas of the Far East where its perfection 
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is most remarkable. The motive has not been to suggest that we should 
tty to imitate the ways of the East, but rather that wo should ap¬ 
preciate anew the genius that lias given us such a rich heritage, and 
that we should recognize and ponder again the remarkable versatility 
of tills group of plants. 

Numerous introductions of living bamboos have been brought into 
the United States by private individuals and through governmental 
agencies, Europe has no indigenous bamboos* but introduced species 
ate found in gardens and parks wherever the climate is sufficiently 
mild. We have growing in the United States more than 100 species 
and varieties* representing nearly every part of the globe where bam¬ 
boo is found- And yet, though the first introductions probably were 
made nearly a century ago* and though bamboos are highly esteemed 
and cherished in many individual collections* no species has yet 
established itself securely and indispensably in a single major phase 
of our economy. 

When we know more about the technical characteristics of the dif¬ 
ferent kinds of bamboo and their peculiar adaptabilities to specific 
industrial purposes, we shall be in a position to avail ourselves more 
fully of the immense potentialities of this group of plants. Since we 
live in the age of machines and of large-scale production, we shall 
need to adapt modem techniques developed in the West and mechanize 
old ones long employed in the handcrafts of the Orient, before we can 
succeed in introducing bamboo into our industrial economy to any 
important extent. Meanwhile we should continue to search for and 
introduce outstanding bamboos for trial and study. 
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[Wild two plHtMl 

During the 1035 crop reason nearly 3^4 million bales of cotton, or 
about one-fourth of the American crop, were harvested by machine. 
In California, where mechanization is farthest advanced, machines 
gathered two-thirds of the crop. Yet a scant decade before, the amount 
of cotton that was mechanically harvested was negligible. 

Behind this revolutionary change, which is still proceeding, lies a 
century of intermittent efforts to mechanize the crop, most of them 
doomed to failure. Cotton has long been one of our most labor- 
requiring farm enterprises, and the annual gathering of t le crop 
has been an extremely burdensome and underpaid form of human 
drudgery. The need to preserve a large low-wage labor force for this 
purpose has been one of the roots of social difficulty in the boutlu 
Why did it take so long to apply the familiar technique of labor-saving 
invention to this vast regional enterprise? ^ 

The question involves many considerations, but it is the purpose of 
this paper to review only the technological aspect of the problem 
The history of inventions designed to mechanize the cotton harvest 
is a peculiarly fascinating one because of the great variety of tip- 
proaches tried out at one time or another* and the truly onm a e 
technical, economic, and social obstacles which had to e cmicome 
in order to find solutions. 

THE NATURE OF THE PROBLEM 

Cotton, unlike the small grains whose simple characteristics per¬ 
mitted mechanization much earlier, is a distressingly difficult crop to 
harvest by a uniform mechanical method. The crop is un cr 

a considerable diversity of soil and climatic conditions, and the result¬ 
ant plant varies from a scrubby knee-high hush to a rank, wide- 

■Reprinted by permission from Agricultural History, ™L 31 t t* lC57 ‘ 
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branching plant taller than a man’s head. As many as 500 varieties 
of American upland cotton have been grown in this country simul¬ 
taneously* with great variation in plant conformation* hairiness of 
leaf* tightness of boll* and other characteristics which seriously affect 
the ease of harvesting* 

Much of the value of the fiber depends on its freedom from leaf 
trash* staining by foliage sap* and tangling with weeds. This factor* 
together with the waste entailed when the fully exposed fleece is readily 
knocked to the ground* makes picking a delicate operation. Perhaps 
the most troublesome aspect of the plant is that its bolls do not ripen 
uniformly and the crop therefore cannot be gathered at once. Unripe 
bolls are likely to be injured by any crude mechanical device used to 
harvest the early crop. These were some of the technical factors with 
which would-be inventors of successful cotton harvesters had to 
contend. 

INVENTIONS TO HARVEST THE CROP 

Even under the conditions of slavery some efforts were made to 
reduce the amount of hand labor in cotton production. As early as 
1820 an imaginative Louisiana planter imported a cargo of Brazilian 
monkeys with the hope of training them to pick cotton. 3 Had they 
proved sufficiently adaptable it is conceivable that monkey breeding 
might have replaced the slave trade and thus averted critical events 
leading to the Civil War. 

The first recorded invention of a machine to harvest cotton was a 
mule-drawn picker patented by Samuel S. Kembert and Jcdediah 
Prescott* of Memphis* in 1850.* This machine embraced two sets of 
rotating cylinders and disks studded with teeth to comb the cotton 
off the plants. Although it may be considered a simple prototype of 
the modern spindle picker* it was too crude to do an effective job. 

By 1864 there were 12 patents in effect on a variety of manual or 
mechanical picking aids* and in nearly every succeeding year at least 
one patent has been granted for some type of harvesting device/ 
Over 1*800 patents had been granted on new or improved models by the 
end of World War IT* when a commercial market for these machines 
first began to develop. Broadly grouped, these inventions have in- 


p Page, Arthur W,„ A cotton harvester at last* Worfd'a Work, rot 21, pp* IS. 
T-SS-7U0 h December 1910. This article Is chiefly devoted to a description of Angus 
Campbell's spindle picker discussed below. 

*Am and mianfactw. Rep. U, S. Commissioner of Patents for 1850 p PL 1. 
pp. 233-234. 

4 See Watkins, J. Ta f Ktnu Cotton : A historical and statistical review, 1790- 
190®, pp, 149* 1715, 239. 1903, for de#t rEptioim of some of the earliest Inventions. 
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eluded pneumatic extractors, electrical devices, threshers, chemical 
processes, strippers, and spindle pickets.* 


UNSUCCESSFUL FORERUNNERS 


Beginning with a patent issued in 1859, some of the most persistent 
efforts were directed toward the perfection of various types of pneu¬ 
matic extractors intended to remove the lint from the boll either by 
suction or by a blast of air. The machines usually consisted of a 
vacuum tank mounted on a cart, with flexible hoses applied to the 
individual bolls by a erew of operators. 1 The chief technical problem 
was to design a nos»sle that would suck (or blow) the tight-fitting 
locks of cotton from the burr and convey it to a bag. A small amount 
of cotton was actually picked with a machine of this type ih the 
Imperial Valley of California during a labor crisis in 1918. 

During the twenties the International Harvester Co. made an ex¬ 
tensive investigation of both the suction and airblast methods of 
extraction. Company engi neers concluded that a crew of ski 1 led hand 
pickers could easily outdistance a similar crew working with suction 
tubes because the unaided hunmn hand is more dextrous than any 
extractive device which must be applied separately to each boll. 
They thereafter directed their efforts toward the complete elimination 
of the manual element from the picking process. ^ , 

Efforts by others to devise a successful pneumatic picker continued 
well into the thirties.* W. C. Durant, the automobile manufacturer, 
produced a light gasoline-powered machine weighing only three 
hundred pounds which employed a ret of rotary blades, ns well as suc¬ 
tion, in the picker-heads. Ills firm in St Louis built some 500 of these 
machines, but was unable to dispose of them in this country and in 
time sold most of them to the Soviet Government, which during the 
thirties displayed an active interest in mechanical cotton harvesting 
Some experiment erg sought an electrical solution, As early as 16 x 
a Brooklyn inventor patented a device to detach the fiber from the boll 
by electrical attraction and to convey it, by means of a statically 


‘Smith H P et al The mechanical harvesting of cation, Terns Apr. Esp- 
Stat Bali 462, August 1032, contain! itinerations of many of the early devices 
and a list of patents granted on aU types of eotton-barw*ttn K equipment from 

1S *An > Improved cotton richer. Scl- Amor-, vol. 07, p. KU, November $■ 1892 i 
Dale. Will Lam. A machine for picking cotton, Sel. Amcr.. VoL M, ,ip 3,1-3 1 -, 
May IS, 1900 ; Cotton picking by suction, Lit. Pig., vol- .R, p. 3ft, Augos _ , . 

f New mechanical eottem picker. Lit Dig-, vol, 103 . p. * 

Straus, Robert K„ Enter the cotton picker, Harper w, vol. 173, p. SSO^ejitemher 
me; McHugh, F. D,, Machine* pick cotton, but—, Scl, Amer., vol. 1-9. pp. 

S4S a November 1989* 
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charged belt, to a receiving bos. Others later tried to apply the same 
principle, all without success, since an electrical charge proved 
insufficient to pull the cotton from the boll. 

A different application of electricity was that of L. C. Stuckenborg 
of Memphis, a diligent investigator who announced in 1922 that after 
14 years of work he had successfully combined a vacuum machine with 
a set of electrically operated brushes revolving inwardly at the end of 
each suction tube." The operation of the brushes was said to have 
suggested itself to Stuckenborg one day when he observed a cow that 
had broken into a cotton field adroitly extract the fiber with her horny 
tongue in order to obtain the tasty oil seeds, His picking apparatus 
was mounted on a gasoline tractor that provided power for eight 
electric motors required to drive four sets of picking brushes and four 
suction and cleaning fans. This rather elaborate machine was also 
doomed to failure, since the electrically operated brushes added little 
to its performance, and more especially because the machine had the 
same disadvantage as other pneumatic machines—it did not result in 
a sufficient saving of hand labor. Stuckenborg spent a good many 
more years trying to simplify and improve his machine, to no avail, 

The idea occurred to a number of inventors, possibly suggested by 
the successful harvester-thresher combines used in other crops, to 
construct a machine that would cut the entire cotton stalk and eepamte 
the lint from the rest of the plant by threshing action. Such a 
machine would necessarily have to bo rather large and complicated 
in order to handle the massive bulk of the cotton plant along with the 
lint. A machine of this type was patented in 1886, but its performance 
was evidently not remarkable enough to record. In 1925 the Inter¬ 
national Harvester Co. experimented with a machine patterned after 
a grain separator. It was designed to pull die entire boll off the plant 
and separate out the cotton. It was soon abandoned because it took 
the mature and immature bolls indiscriminately and did not separate 
the lint effectively. 

Proposals to utilize the entire cotton plant by some process of chem¬ 
ical digestion, thus obviating the need to extract the lint from the boll, 
were made recurrently. Robert E. Roberts, of Washington, D. C-, 
who pioneered in the development of del in ted seed, in 1906 announced 
that the cotton stalk could be pulped and made into paper. Since this 
would have greatly reduced the value of the product, there was little 
interest in the suggestion * 

Probably the most extensive experiments along this line were made 
b} - Dr. Frank K. Cameron, of the University of North Carolina, who 

* The- successful cotton picker* Bet. Amer_, voL 120, p. 170, March 

* lit L Illation of the entire cot ton plant, Scl. Amer., voL 05, p. 343, Not ember 10, 

m 
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sought to substitute the entire cotton plant for wood pulp as a basic 
source of cellulose in the manufacture of rayon." He recommended 
that the cotton plants be thickly sown, mown, and baled by machine 
like hay, a nd then dried and powdered. The oil contained in the seeds 
was to be removed by the use of a solvent, and the remainder of the 
plant chemically digested into alpha cellulose. After a number of 
years of experimentation Dr. Cameron claimed that his piooc. s Vi as a 
laboratory success. Coming during the depression years, (he an- 
nouncemcnt caused alarm among fenuers who feared ii radical dun r u 
itl methods of production. The need for a substitute for wood pu p 
was evidently not pressing enough, however, to insure funds or 
development and the method thus did not become commercially 

practicable. 

STRIPPING MACHINES 


Cotton strippers, also known in some of their early forms as cotton 
sleds or “sledders,” remove the cotton, burr and all, from the stalk by 
combing the plant either with extended teeth or by drawing it between 
stationary slots, revolving rolls, or brushes, A patent for a rather 
simple invention of this kind was granted to John Hughes of ^ew 
Bern, N. C., in 1871. The following year 2. B. Sims of Bonham, tex., 
patented a sled with projecting fingers for the same purpose. 

\ somewhat more complicated and skillfully constructed mode 
appeared in 1874, when W- H, Pedrick, of Richmond, Ind., patented 
a stripper which employed two revolving rolls studded with teeth to 
pull the ripe cotton from the plants. Despite the fact that these 
machines closely resembled in principle some that later came into use, 
they were long neglected because it was felt that they wasted too mue.i 
cotton and lowered its grade excessively. , . . 

The idea of mechanically stripping cotton was reintroduced into 
the Texas Panhandle in 1914, when a bumper crop coincided with 
prices so low that the cost of hand picking could not be covered^ 
Several farmers in desperation ha nested their cotton bydragging 
it with a section of ordinary picket fence tied to a team. I his make¬ 
shift method resulted in cotton so full of trash and unopened bolls that 
it was refused at the gin. Thereupon these f ami ere, undaunted, tc^k 
their cotton to a grain thresher and had it threshed 1 1 he threshing 

process broke open the unripe bolls and removed some of U-U*. 
after which it was possible for the gin to handle it more satisfactorily. 


“Cotton mown like hay and chemically digested *■. "H** 

Month., rot. 43. pp. 28^-286. Septet 1036: - JV"- 5TJJ 

In tu rains the whole cotton plant Into rayon. ScL Amer„ vol. IK, P- -13. 
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At best the resulting product must have been of rather low grade* and 
stripping for some time thereafter was utilized only as a last resort. 

Nevertheless, because the cotton grown in this area is subject to 
early frost and was often pulled or snapped in the boll by hand* 
growers demanded that the girmers develop methods of handling 
immature or “bollie 3 * cotton. Consequently gins were redesigned 
to include more effective cleaning and burr-extracting devices than 
were found in most parts of the Cotton Belt. 

In 1026 there was another critical season in the High Plains. The 
crop was unusually large, prices fell abruptly, labor for hand harvest¬ 
ing was scarce and expensive* and the weather waa unfavorable for 
picking by hand. Farmers were again compelled to take unusual 
measures to save the crop. Many of them built their own sleds, em¬ 
ploying a variety of original designs with the assistance of the local 
blacksmiths; and cotton stripping received its first extensive trial. 
By this time the improved gins were able to process the cotton, and 
it was reported that the mechanically stripped cotton actually pro¬ 
duced a better sample than cotton that was hand stripped because the 
additional handling before it reached the gin removed much of the 
dirt. 

As a result of the extensive use of homemade contrivances in the 
Lubbock area during the 1636 season, several implement manufac¬ 
turers became interested in developing cotton-stripping machines and 
the following year a number of commercial strippers appeared on 
the market. Deere and Co., the leading firm, began in I960 to manu¬ 
facture both mule-drawn and tractor-mounted strippers and two 
years later had increased its output to 500 units per year. 

Following the onset of the depression, however, interest in mechan¬ 
ical strippers languished on the part of farmers and manufacturers 
alike. With cotton selling at 6 cents a pound, wages for hand snapping 
at 30 cents per hundredweight, and cash extremely scarce* the market 
for labor-saving devices disappeared* The John Deere strippers 
were offered at $185 each on a contract calling for $25 on delivery 
and the balance at $5 for each bale harvested. Even so dealers even¬ 
tually disposed of their remaining stock in 1941 at $15 each. 11 

In the meantime experimentation in stripper design was continued 
by the Texas Agricultural Experiment Station at College Station 
and at the Lubbock (High Plains) substation. Between 1927 and 
1930 experiment station engineers worked out and tested the design 
for an improved stripper which incorporated a burr extractor to 

>ei^htK>nr p L B. P Progress In the m^hnnkal stripping of coEtfln, SnmrafuT 
Proc. 2d Ann. Beltwlde Cotton Mechanization Coal, ; reprinted in Aoco Frees* 
voL pp. S-3 r November 3048. 
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clean the cotton as it was harvested “ This machine importantly in¬ 
fluenced the design of most of the commercial strippers that were 

later built. . , . 

When labor shortages began to occur in the High Plains during 
World War II, farmers lost no time in adopting mechanical strippers, 
Deere and Go,, which hod sold practically no stripped? from 1932 
to 1942, was at last able to capitalize on its previous developmental 
work and became the chief supplier with an output of about 4,400 
machines from 1946 to 1948. The contrast with depression condi¬ 
tions is indicated by the fact that in the latter year the company sold 
its machines at a delivered price of $905, exclusive of tractor, Suv ei a 
other manufacturers turned out machines in smaller quant il ies, and y 
1955 it was estimated thut there were over 23,000 strippers aval n e 
for use on south western farms (see table 1)- Some of the newer 
strippers employ revolving fiber brushes instead of a metal stripper 
roll, following a design developed by the Oklahoma Agricultural 
Experiment Station in cooperation with the United States Department 

of Agriculture. 1 * , . . 

Although cotton strippers have been tested in nearly alt portions of 

the Cotton Belt, to date their effective use has been confined largely to 
the High Plains and Bolling Plains of Texas, Oklahoma, and hew 
Mexico* where they seem best adapted to harvesting the ty pe o co on 
grown under the rather exceptional climatic conditions prevailing in 
those areas. About one-fifth of the Texas and Oklahoma crops were 
harvested by strippers in 1955 {see table 1) - 


SPINDLE PICKERS 

Inventions in this group have included a multiplicity of cotton 
harvesters designed to pick the open cotton from the bolls by means of 
spindles, fingers, or prongs. The aim has been to construct a machine 
that could be used for repeated pickings during the season v ithout 
material injury to the unopened bolls and the foliage necessary or 
continued growth. I lowever, from the tune of Eembert and Prescott s 
early invention in 1850 until the nineties very little progress was made 
in developing such u machine. About this tune Angus Campbell, s 
Scottish patternmaker employed by the Deering Harvester Co., 
began to work out the essential mechanical principles for a machine 
that would pass a series of rotating spindles through a cotton plant 
and twist the loose fiber from the bolls. He started work in 1885 and 
took out hi s first patent in 1805, 

-Sm.B,. H. P„ M «L. town-* °f •» " 

characteristics and other factor, 1 ;. Tejaa Ajjr. * ' ■ lt _ ' , brush, type 

- Oates, W. J. : Witt, R. H.; and Wood, W. S,. The ofabmaWTpa 

cotton harvester. Agr. Eng., voL 33. PP- 13I^m H3. March 1052. 
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Table 1.— Animated number and percentage of mechanical cotton hartttten <m 
far me r und 'percentage of cotton mechanically harveeUdj hy $(aie* r JB55S& «cwon 
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65 

m 

v / 

m 


2 

S. Carolina^ . 

300 

% 7 

2 

* / 

P) 


2 


Mideoutfr: 






Arkansas _ , _ _ __ _ 

2 , 600 

14 

63 

0 

25 

0 

Louisiana___ 

l 3 035 

6 

P) 


28 


Mississippi__... 

2j GOO | 

14 

n 


23 


Missouri * * 

l d 345 

7 

m 


24 


Tennessee. _ _ „J 

255 

1 

\ l 

p) 


2 

_ 

Southwest: 







Oklahoma_____ 

39 

V) 

2, S0d 

12 

(*) 

20 

Texas,.... ^ 

l s 547 

9 

19, 524 

85 

3 

21 

West: 







Amona __ .. _ _ _ _ _ 

2, 100 

11 



39 


California _ _ _ _ ..„ rT 

6, 000 

32 



67 


New Mexico 

300 

2 

6B9 

3 

16 

4 

Total _____.. 

IS, 644 

100 

23,122 

100 

* 17 

■ S 


1 EjUmme^ mmpUikl by NatUmsl CotfcWl C^Udl (Hf America, Memphis. 

1 U. 0. AnTsfriLULra! IdATteel&f SfFTlcci. Charges for kIbeUbk coltofi, tm& Of ttlec&rfL Mf ?|oas in.ddc&t to 
marketic^ and related bifomailfln, season llKHH (mJffiwfiraFlmO, May 10% p. 7 . 

■ JvlCmate oltbor bo 1 nqoHtnl « [Utanlflaul mmiber n-pvLed. 

1 LeaathsBftG tK-ncwnt. 

1 Ferecntiiffl of total United States amp h^rtfiolcd by rwpcetl^i meiborL 

Campbell showed great persistence and peraonul sacrifice in his 
efforts to perfect his machine over a period of 37 years. 14 Each harvest 
season for over SOyeat^s he used liis vacation time to journey from his 
place of employment in Chicago to Texas, Xjomslana, or Mississippi* 
where he would try out his latest model* In 1910, after trying out 
some 55 designs, he was so confident of success that lie put five ma¬ 
chines into the field In a widclj 7 publicized demonstration at Waxa- 
hatcliie, Tex, Evidently his optimism was premature since few 
farmers bought machines. 

The same year Campbell joined forces with Theodore IL Price, 
w T ho had independently devised a cotton harvester which he patented 

14 For toft temporary accounts of Campbell's activities* see Page, op. elt< pp- lA 
748-700 ; Day, Will in m, Picking ernt m by tnaeMn^ JM. Amer* vot. 104, p. 231, 
Mzuvh 4, 1911; A nincMue that is [ibttanLhroijtst, OuEtook p v-oL D7 P pp. 484^485. 
March 4 f 1911. 
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in 1904. The Frice-Cnmpbell cotton picker was patented m 1012 and 
underwent continuous testing and improvement until Campbells death 
in 1922. Tlte results, however, were never completely satisfactory. 
The self-propelled machine was heavy, complicated, and extensive 
to build. It left too much cotton on the plant or knocked to the 
ground, in addition to which it in]" uied the unripe holla. 

* Notwithstanding these deficiencies, Campbell had done a valuable 
piece of work. The heart of his machine was an ingenious cam- 
actuated mechanism that positioned a battery of ie\o ung 
spindles in the cotton plant as the machine passed over it, and then 
removed the lint from the spindles by means of stationary doffers. 
The Pricc-Campbell patents were taken over by the International 
Harvester Co. in 1924, and although further testing and modification 
required another quarter-century, Campbell's basic ideas contn m e< 
importantly to the ultimate success of the first commercial cotton 

picker when it appeared in IMS- , 

Other inventors who attempted to perfect one version or another 
of the spindle cotton picker during the fiij quarter of the centoy 
included F. P. Haring of Goliad, Tex.; B. Mm. <>* Temple, lej, 
George R. Meyercord of Chicagoj John F. Appleby (the w ^lyl. 
inventor of the self-knotting grain binder) ; and Hiram U. ' ?!”? 
Greenville, Miss “ .All their machines attracted some notice at various 
times, but none was fully successful. Moreover, each ^ntor w^ 
confronted with the fact that because of the abundance of 
farm workers in the South, a mechanical cotton picker a on ha j 
had to be overwhelmingly efficient to compete successfully with hand 

Ifibor i 

1 The longest continuous effort to devise a spindle picker was made 

by the International Harvester Co., which UA vnimA 
the problem from the time of its formation in 1903. Drawir^ on t 
experience of one of its predecessor companies, the peering 
Co., the implement firm spent 40 years m search and a i 
$5,250,000 before it was able to demonstrate in 1942 a spindle pickir 
which it regarded as satisfactory for production. .. , 

Between 1924 and 1930 company engineers deeded, budt.M 
tested in the field seven distinct types ma^me^b^nnmg^th 
an improved model of the Frice-Campbell pidtet. Th^^J^J 
literally hundreds of variations in the shape, sme, 
of spindles, doffers, and other essential parte. Becognmng the finan¬ 
cial limitations of cotton growers, they sought to simph y ic P° 

N. Berry 1 # d-U. Ms -, <»* STS 

improvement, on bl* JMtai'. ■fS a Hme in the determent 
bcmifht tta* Berry polenta nud uUU*^ 1U1 

of ita own spindle picker* 
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derous self-propelled picker and thus reduce its cost. The introduction 
of the all-purpose tractor in 1925 spurred diem to devise a trail-model 
picker that could be attached to the tractor with a power-takeofl 
arrangement and tluit would yet leave the tractor available for other 
purposes on the farm. 

The company believed it was ready to introduce a trial machine on 
a limited basis in 1929 and the parts for 20 such machines were already 
completed when the financial collapse of that year abruptly altered 
the economic outlook. In the succeeding years of deepening depres¬ 
sion conditions became less and less propitious for the introduction of 
a machine that would displace labor. Experimentation went on, but 
as Clarence E. Hagen, chief development engineer, remarked, 

Considerable opposition to mechanical picking was encountered In the held. 
Many cotton farmers were very skeptical, and sure that the cotton crop eoutd 
not be mechanized. At the end of crery hardest season we returned with a 
Uctie more experience and n little more ridicule, for the average cotton grower 
believed firmly lu the eternal supremacy of the Negro so Eton picker. 1 * 

Yet it was in the midst of these depression years, when the acreage- 
reduction program had contributed its share of displaced farm workers 
to the ranks of the already unemployed, that there appeared on the 
scene a mechanical harvester which aeemed to meet the requirements 
for efficiency and labor saving that would enable it to compete suc¬ 
cessfully with human labor at extremely low wages. This was the 
cotton picker invented by John D* Rust and developed with the 
assistance of his brother Mack. The advent of this machine is interest¬ 
ing not only as a technical achievement but for the social dilemma it 
posed. 

As children on a Texas cotton farm John and Mack Rust had picked 
cotton on their knees and had often discussed the possibility of in¬ 
venting a machine to ease this form of human drudgery. 17 John 
Rust became an itinerant farm mechanic whose only formal training 
in engineering came from a correspondence course. While working 
for ft combine manufacturer in Kansas Ci ty in 1924, lie began to devise 
the principal mechanical features of his spindle cotton picker. 

He was baffled, as many before had been, by the problem of removing 
the cotton from a spindle that w T as sufficiently barbed or serrated to 

14 Hagen, Clarence TL, Twenty-live years of cotton picker development, Agv. 
Etift,, Vot. 32, p. 504, November IftCiL 

11 For abort biographical accounts of the Rost brother!, see Straus, op. c!t~, pp- 
&S0-393; Huai, John, The orkin auil development of the cotton picker* "West 
Tennessee Hist Soc. Pap,, vol ?, pp. 3S-53, 1053; Mr. Little Ol h Boat Fortune, 
toL 46 h pp. 150-152, December 1052; Weyliri&fct, Victor, Two men and their 
machine, Suit, ijrnjiblc, toL 25 h pp. 433-433, July 103tf. 
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twist the lint from the boll. According to his own Account! it was 
while lying in bed one night- in the spring of I92i that he rememboied 
how the morning dew had caused the cotton to cling to his fingers when 
he had picked cotton as a boy. He also recalled that his grandmother 
had always moistened the spindle of her spinning wheel in order to 
get the cotton to adhere, 

“1 jumped out of bed,” he wrote, “and found some absorbent 
cotton and a nail for testing. I licked the nail and twirled it in the 
cotton and found that it would work.” 18 

Rust thereupon returned to Texas, where he worked out the plans 
for an experimental model. It differed from previous pickers chiefly 
in the use of moistened smooth-wire spindles instead of roughened, 
barbed, or twisted spindles to secure aggressive picking action. It 
also employed a simplified endless-belt mechanism to position the 
rows of spindles in the plants without Taking and injuring the bolls. 
As the loaded spindles traveled on their circuit they were easily 
stripped clean by pairs of traveling steel ribbons. Although his 
machine subsequently underwent many modifications, the picking 
principle has been preserved in essentially its original form in machines 
based on Rust patents currently in use. 

Rusts first patent was tiled in January 1928, his first test 
model was completed that year. He was joined by his brother black, 
who had been employed in Schenectady as an electrical engineer, 
and together they embarked upon a series of trials and improvements 
Although they had many discouragements with the performance of 
the early models and their financial backing remained meager, they 
aroused the interest of a number of supporters who shared the humani¬ 
tarian outlook tho Rust brothers were attempting to apply in the 
introduction of their invention. 

The Rust harvester set a record when it picked a bale of cotton 
in one day during a test conducted at Waco, Tex., in 1931. Two 
years later an improved model picked five bales in a single day at 
the Delta Experiment Station at Stoneville, Miss. These tests received 
little publicity, however, and it was not until the publication of an 
article in national magazines in early 1935 that the invention and its 
social implications became the subject of intense public discussion. 
Another public field trial was held under the auspices of the Delta 
Experiment Station on August 31, 1036. This time, under rather 
favorable conditions, the machine picked at the rate of four-fifths 


“ Unit op- cltr e p, 15. __ __ 

"Carlson, Oliver, The revolution In cotton, Auer. Mercury. voL 34, PP- 
120-130, February 1035; reprinted in condensed form In Renders Digest. voL 
30. pp. 13-10, March IB35. 
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of a bale an hour—40 to 50 times the average rate for hand picking. 
There was considerable trash added to the lint and waste in the rows, 
but there was no doubt that the machine would pick cotton. Hie 
demonstration was widely reported in the national press, for it ap¬ 
peared to show conclusively the labor-saving potentialities of the 
picker and thereby to cast an ominous shadow on future employment 
prospects in the region® 

The Rust brothers were now faced with a perplexing set of prob¬ 
lems. They were eager to see their machine put to use, but they 
did not wish to be responsible for encouraging the trend toward 
large-scale mechanized farming at the expense of small farm owners 
und sharecroppers. They were afraid widespread labor displacement 
would result if the sale of their machine were unrestricted* 

For a time they refused to sell their shop-produced machines out¬ 
right, but offered to lease them to farm operators who would agree 
to maintain minimum wages and maximum working hours on their 
faring and who would give up the use of child labor. Few planters 
were willing to provide such guarantees m return for the doubtful 
advantages of mechanical harvesting. 

The Rust brothers also encouraged the trial of their machines on 
various types of cooperative farms which sprang up during the 
depression, but the need to save labor was rarely the chief problem 
in these ventures. Hoping to make their picker available to small 
farmers, the inventors speut. several years trying to devise a “Universal 
Pull Model" that could be drawn by a mule or a small tractor. These 
efforts proved to be technically impracticable. 

In 1037 the Rust brothers abandoned their leasing plan and an¬ 
nounced that they would sell their 2-row, self-propelled machines 
on the open market for $4*800* At the same time they declared that 
they would restrict their share in the returns to an amount not to 
exceed 10 times that of their lowest paid employee* A foundation 
was to be set up to apply any remaining personal profits to the 
assistance of displaced farmers and to promote cooperative farming* 
Nevertheless, the requisite capital was not forthcoming, and under 
the stringent conditions of World War II the shop tools had to be 
sold off to meet the company's debts. John and Mack Rust parted 
company at this time. Mack Rust went w j est with a few demonstration 
models to establish a custom picking business on the irrigated farms 
of Arizona and California. 


* Cittern picker portent^ Riatness Week, No. 36G, p* 15, Sept ember 5 P 1036; 
Cottoa-Rrtn rival: Rust cotton picker. Lit *01. J22, pp. September 5 h 

1G3S: Runt brother* cotton picker, Newa Week, voL 8* p, 29. September 5, 1036; 
Picker problems. Time, vol, 2S. r pp, 47—IS, SO* September 14, 
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In addition to his financial difficulties, John East had reached the 
dispiriting conclusion that his machine as it then existed lacked 
sufficient durability for general sale. Working models, while they 
would pick cotton when kept in continuous repair, tended to break 
down in the field when critical parts became worn. Under the en¬ 
couragement of his wife, and with the requirements of mass production 
in view*, he sat down to redesign the entire machine from the drafting 
board. 

THE INTRODUCTION OF THE COMMERCIAL PICKER 

It was at about this time that the long efforts of the International 
Harvester Co. to develop a commercially satisfactory picker came to 
fruition. Under the direction of A. W. Scarmtt and C. R. Hagen 
the machine was radically redesigned to be mounted on a powerful 
high-clearance tractor with higher picking units to accommodate rank 
irrigated cotton. The tractor itself was operated backward to per¬ 
mit the picking units to contact the plant before other parts of the 
machine could knock the cotton from the bolls. The machine in¬ 
corporated 600 tapered, slightly bathed spindles, and had a moisten¬ 
ing device to aid in picking and doffing. 

The enormous departure of labor from southern farms. during ie 
war years led to increasing reports of labor shortages and for the first 
time opened the way for serious consideration of labor-saving ma¬ 
chinery in the cotton region. To meet the emergency, Fowler McCor¬ 
mick, president of the International Harvester Co., announced m 1942 
that his company regarded its cotton picker as practicable for use and 
offered to begin production if materials allocations could be made. 
Wartime priorities rendered this temporarily impossible, but the an¬ 
nouncement spurred other manufacturers to get into the race to pro¬ 
duce the first commercial cotton picker.’ * 1 t , 

Deere and Co. ncquired the Berry patents at this time, and the 
Allis-Chalmere Manufacturing Co. negotiated an agreement with 
John Rust to construct machines incorporating his new designs on a 
nonexclusive basis. In the confused postwar adjustment period, how¬ 
ever, none of the companies was able to get into quantity production. 
There was still considerable doubt that cotton growers were ready to 
accept complicated, expensive machines to harvest their crop when 
labor was drifting back to the farms. It was increasingly clear that 
an important secondary bottlsmeck-the hand labor needed for weed- 


* Cotton harvester; Internationa! Ulster a machine. Now^cek^voL 20, 
p. 158, December 7. 1W2; P^kor, Balnea* Kfc £*** 

November 27,1M3; Race /or pickers, Hualnefs Week, No. .48, pp. Ca-OS. January 

i, lm 
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ing and thinning—would also have to tie eliminated before growers 
could rely on a completely meelmnked crop. 

In the face of these uncertainties, the International Harvester Go* 
under the leadership of R + F* Messenger f an executive vice president, 
proceeded with the construction of a new plant in Memphis. In 1948 
this plant turned out over 1,100 machines, priced at $7,600 when 
mounted on a large model-M tractor. Professor Gilbert C. Fite com- 
mented, “This is an astronomical sum for over half of the cotton 
growers who products less than four bales of cotton a year and farm 
less than thirty acres of cropland,” 11 

Nevertheless, a commercial market for the machines was developing 
among the larger growers and custom operators. By 1952 the Inter¬ 
national Harvester plant had produced more than 8,000 machines, 
including both high- and low-drum models. In 1956 it added a new 
2 -row picker, also available in sizes suited to different growths of cot¬ 
ton. In the meantime the Allis-Chalmers Co. acquired a new plant 
at Gadsden, Ala., and turned out 1,200 pickers between 1949 and 1952. 
These included a 2-row machine and a small single-unit attachment 
that was priced under $2,500 (exclusive of tractor) to bring it within 
the reach of a greatly increased number of users. 

During the same period Deere and Co. produced about 750 1- and 
2-row pickers, and a new entrant to the field, Ben Pearson, Inc., at 
Pine Bluff, Ark,, built 1,500 1- and 2-row machines based on Rust 
patents. In addition, this company is now constructing picking at¬ 
tachments which are mounted on the respective tractors of the J. I. 
Case Ca and Massey-Harris-Ferguson, Inc., and the assembled ma¬ 
chines are being marketed by those companies. Versions of Rust 
cotton pickers are thus being sold by four companies. Until his death 
in 1954 John Rust continued to make improvements in his invention, 
and he was at last able to realize his goal of an educational and charita¬ 
ble foundation financed by patent royalties. 

The growing acceptance of the cotton harvester as a successful farm 
tool, although it has not yet been widely adopted in some portions 
of the Cotton Belt, is clearly indicated in table 1. It is estimated 
that over 18,000 spindle pickers and 23,000 strippers were available 
for the 1955-56 harvest, most of them concentrated in the western 
cotton States and the Mississippi Valley. In other areas the pre¬ 
dominantly small farms, broken terrain, and relative abundance of 
hand labor still pose obstacles, but research is under way to adapt the 
machines for more effective use under such conditions. 


* Fite, Gilbert Iterant program In (Jie meclitiDlzatlcin. of cotton product Inn In 
the United State*, Agr. MImL, yoL 24, pp* 19-28, January 1350. 
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The introduction of mechanical harvesting has been vastly facili¬ 
tated by a large variety of complementary inventions and techniques 
which have emerged in the past few years, and which have been pro¬ 
moted by the National Cotton Council through its annual beltwide 
mechanization conferences. The weeding and thinning problem is be¬ 
ing met by the application of pre- and post-emergence chemical herbi¬ 
cides, flame wceders, and newly designed mechanical choppers and 
cultivators. Plant breeders are developing varieties suited to mechani¬ 
cal harvesting. Chemical defoliants are used to remove the leaves 
before harvest, and improved ginning machinery aids in preserving 
clean, high-quality lint. Taken together, these advances constitute a 
technological revolution, the profound consequences of which are only 
beginning to be appreciated. 


Reprints of <h. v.rk>us .rticta in this R«i»t rosy bo 
as tie supply lasts, on reqnost .ddressnl to the Edllonnl ond PublKntions 
Division* Smithsonian Institution* Washington 25* Dp C. 




























Aniline Dyes—Their Impact on Biology 
and Medicine 1 


By Moiuus C. Leikind 

Medical Historian and Archivist 
mad Forces Institute af Pathology 


Tub yeavl 1956 marked a centennial significant not only in the his¬ 
tory of chemistry and chemical technology, but in the history of 
biology and medicine as welL It was just 100 years ago that an 
English schoolboy, aged 18, made the first aniline dje. 

The repercussions of this discovery were felt in the fields of chem¬ 
istry and chemical technology, in the textile industry and in fashion 
salons, and also in agriculture, in coal mines, in banks and counting- 
houses, in legislative halls, and in the foreign offices of governments. 
Last but not least, the coal-tar dyes had an impact on biology and 
medicine that was as unexpected as it was significant 

Before reviewing the influence of aniline dyes upon the growth and 
development of the life sciences during the past hundred years, it 
seems not only appropriate but even necessary to recall briefly the 
life and work of William Henry Perkin. Although he has been dead 
scarcely half a century, few among the present generation of biolo¬ 
gists and medical men know who he was, and fewer of the many who 
use biological stains and administer wonder drugs know anything of 

the man who made them possible. 

William Henry Perkin was born in London on March 12, 1838. He 
was the youngest son of George Fowler Perkin, a builder and con¬ 
tractor of moderate means. William’s education began m a private 
school. His father wanted him to become an architect, a wish en¬ 
couraged by the fact that the boy liked to draw and often copied 
plans for liis parent. 


’Read at the Perkin Ceatenolul. 18W-im cominmoretteg the discover of 
aniline dyes, bell st the Waldorf-Astoria Hotel, New 

of September 10, IK*. Sponsored hr the American Association of Tex 


tile Chemists and Colorists. 
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However, shortly after his twelfth birthday, William foun d a friend 
who showed him some chemical experiments and as a result he 
acquired a keen Interest in chemistry. He was fascinated by chemical 
reactions and especially by the beautiful forms of crystals and de¬ 
cided that if it were at all possible he would become a chemist. By 
the time he was 13 he was accumulating bottles of chemicals and 
performing experiments at home. Just about this time he was sent 
to the City of London School, one of the very few schools in England 
where science was taught. Even there, however, instruction in science 
was informal, for it had no place in the regular curriculum. The edu¬ 
cated man was marked by his knowledge of the classics rather than of 
science and u stinks' 3 was the name reserved for chemistry. 

The man who taught science at this school was a Mr. Thomas Hal] 
who had been a pupil of the great chemist, August Wilhelm Hofmann. 
Hall's teaching of science w as informal and was a sideline to his regu¬ 
lar and full schedule of conventional classical subjects. Tw ice a week 
during the dinner hour science instruction was more or less “sneaked 
in,” and it was in this way that young Perkin obtained his first system¬ 
atic knowledge of chemistry. His assiduity attracted the attention of 
his teacher, who invited the boy to become his laboratory assistant. 
William found chemistry so interesting that he skipped many meals in 
order to have time for experiments. When he was 14 his instructor 
suggested that he write to Michael Faraday, then lecturing at the 
Royal Institution, for permission to attend the lectures. Faraday 
graciously consented and sent a ticket that admitted the youth to the 
Saturday afternoon sessions. 

By this time Hall felt that his pupil was ready for more advanced 
studies and urged him to enter the Royal College of Chemistry. The 
boy 3 s father objected since he still wanted his son to become an archi¬ 
tect and he could see no prospects for a decent living in chemistry. 
In the course of several personal visits to the elder Perkin, Hall ob¬ 
tained parental permission for the l>oy to choose his own career. Thus 
at the age of 15 he enrolled for study under Hofmann, a student of 
Liebig, who, during 20 years as director of the Royal College of 
Chemistry, trained the leading British chemists of the Victorian Era. 
William Crookes, of Crookes' tube fame, was an assistant in the Col¬ 
lege and he gave the new student his first task—that of studying 
ftle reactions of metals. Perkin soon completed the ordinary course 
of analysis hut was not content to become a mere analyst. He wanted 
to do research, and it was not long before he attracted the attention 
of Hofmann himself who was then investigating the production of 
organic bases from hydrocarbons by the reduction of nitroderivafives. 
He gave Perkin the job of trying this method on anthracene- The 
firet problem was to extract tins substance from coal-tar pitch, but 
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it ended m failure since, with laboratory quantities, the yield was 
insignificant. Larger amounts of pure anthracene wore finally ob- 
taiined from a tar distillery and Perkin tried to nitrate this. Again he 
failed. As a matter of fact, it was 25 years before the problem was 
finally solved. Nevertheless, Perkin did* without realizing it then, 
produce anthraquinone by the action of nitric acid on anthracene* 
Antliraquinone happens to be the parent substance of alizarin, the icd 
dyeing principle of madder, which Perkin later had a hand m 
synthesizing* 

Despite these failures, Perkin had now learned a great deal of 
chemistry, and Hofmann made him his assistant. Hofmann w as him¬ 
self a most enthusiastic and stimulating teacher, and through him 
Perkin was able to meet most of the scientific leaders of Britain and 
the Continent when they visited the Royal College of Chemistry. 
Thus by the age of 18 he already had a vast knowledge of con tempo* 

rary chemistry and a mature insight into its problems. Since Perkin s 

duties at the College left him little time for independent research he 
fitted up a small laboratory at home where ho could work evenings 
and during vacation, It was there that he made his first great 


discovery. 

Hofmann, in the annual report of his laboratory for the jear l , 
had suggested that the time was ripe for an attempt to sjnthesize 
quinine. This drug, it will be recalled, is the principal alkaloid of 
cinchona, the bark of the cinchona tree, native to certain areas of 
South America. It has long been used for the treatment of fevers, 
especially of malaria. For centuries the drug was vised simply in 
the form'of the powdered bark of the tree or as an extract or infusion. 
Then in 1S20 Pelletier and Caventou of France succeeded in isolating 
quinine from the bark as an alkaloid m which form it gained an in¬ 
creased popularity as a drug. At the same time chemists became 
interested in synthesising this compound, but without success. Nev er¬ 
theless Professor Hofmann felt that the state of chemical knowledge 
of the mid-nineteenth centuiy justified another attempt at the synthesis 
of quinine. In 1849 he wrote: 

It is IV remarkable fact that naphthene, the ^utlfal f which 

Immense quantities are annuity produced In the manufacture £»!>£«£ 
subjected to a series of chemical processes may be converted into■ u 
alkaloid. This substance, which ha* reived the name of whfhiUdlnfc ™- 
tains L>0 equivalents of carbon, 0 equivalent* of hjdwg™ a* 1 * 

nitrogen. Now if wo take 20 equivalents of carbon. 11 equivaio r ° s '™- 

1 equivalent of nitrogen and 2 equivalents of o^Stn as the composition of 
quinine It will be obvious that unphthllMln*. differing only by the elemeota of 

2 equivalents of water, Tuight pass into the former alkaloid * ltB f*** 

tion of water. We cannot, of worse, expect to Induce the wa ter to enter men i 
by placing it la contact, but a happy eilierluient may attain this end. by the 
di^coiery of nti appropriate metoEHorphic process- 
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We know now, of course, that his reasoning was wrong, based as 
it was upon an incomplete knowledge of chemical structure. 

Nevertheless, it was this “happy experiment^ which Perkin in his 
eighteenth year attempted to perform in his homo laboratory during 
the Easter vacation of 1856. He began with toluidmc, a coal-tar de¬ 
rivative, which he treated with allyl-iodide, getting allyl-toluidina 
which was converted into a salt and precipitated with potassium 
dichromate. A dirty reddish-brown substance was the result, but it 
was not quinine. This did not discourage Perkin, Tie found the 
reaction interesting and he thought that a clue to the synthesis of 
quinine might be found by using the same procedure on a simpler 
base. Ho therefore chose aniline. He treated aniline sulfate with 
potassium bichromate and now he got a black precipitate. But again, 
it was not quinine. 

At this point many investigators would have become discouraged 
and quit. In fact, it Is often stated, without much foundation in fact, 
that Perkin did get discouraged and dumped his residue into the sink 
whereupon a purple color appeared. This makes a good legend but is 
not borne out by the facts. For Perkin did not throw his residue into 
the sink. He decided to take a second look. He began to investigate 
the nature of the precipitate, and what he found was most interesting. 
When this black precipitate was purified and dried and then digested 
with spirits of wine, it gave a brilliant purple solution. Then came 
an act of genius, Perkin immersed a piece of silk in this colored solu¬ 
tion and found that his aniline purple was a dye. 

Perkin put the quinine problem aside and concentrated on a study 
of the coloring matter. When he returned to the Royal College of 
Chemistry he showed the new substance to one of his colleagues who 
strongly urged him to patent it. But Perkin was hesitant He 
doubted the practical value of the dye because it appeared difficult 
to make on a large scale. Nevertheless, he did send a sample of dyed 
silk to a textile firm and received a most enthusiastic response 5 with 
a reservation, of course, about price. The new coloring matter was 
found to be not only attractive but also faster than any similar color 
available. This latter quality was highly important to textile manu¬ 
facturers. So fugitive were the contemporary purplea that if a lady 
put a violet ribbon on her hat in the morning she could never be sure 
that it would retain its color till evening. 

Encouraged by the reception of his first: samples, Perkin continued 
his pilot experiments, and by August 1856 he was sufficiently sure of 
his results to obtain a patent. He now decided to leave the College 
to become an industrial chemist* As he later wrote about this episode: 

JJlliongh the results were not so enmu raging ah i-ould be winhetb T was per* 
fiuadeU of tbe importance of the ctdmiring matter, and ibe result was that, U* 
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October, l sought an interview with mj oM muster Hotmnim and told him of 
itie discovery of iMa dye* showing him patterns, dyed vrhh It, at U*e some time 
an jing that ns I was going to -undertake Its mairofaetnre. 1 was sorry that 1 
should have to leave tho Royal College of Chemistry. At this he appeared 
annoyed* and spoke In a vary discouraging manner, making me fee* that perhaps 
t might be taking a false step which might ruin my future prospects. 


But this youngster of 18 tv as not deterred. Although he antago¬ 
nized his professor by deserting pure science for a commercial gamble, 
he succeeded in persuading his own hard-headed father to invest his 
life savings in this enterprise* Ilis elder brother, who already had a 
promising business as a builder, was also induced to join the firm. 
In 1857 a small factory was started at Harrow and a new industry was 
about to be born. The beginning was not easy. Besides purely 
chemical problems which had to be solved, there were chemical engi¬ 
neering problems as well. Much of the apparatus needed for large- 
scale manufacture of dyes did not exist and had to be invented. V et 
within 6 months after the factory was opened, Perkin, not yet 20, was 
selling aniline dyes, Within 2 years aniline purple was being made in 
France where it gained the name “mauve, ,T and soon the color was so 
fashionable it was made the subject of music-hall jokes. 
reported that a Frenchman who visited London returned and told his 
friends that even the policemen there were ordering people to ‘get 
a mauve on") When Queen Victoria wore a silk dress dyed with 
aniline purple, the rage for mauve was really on. In 1850, the 
French paid tribute to die importance of this discovery by awarding 
a medal to Perkin. It was the first of many similar honors paid to 
him. Within a relatively few years lie was manufacturing eight coal- 
tar colors, seven of them by processes originating in his own works. 
These included mauve, Britannia violet, Perkin s green, and alizarin, 
all of which were made on a large scale. Alizarin, winch Perkin de¬ 
veloped independently of Graebe and Liebemumn m It) » (tie *er 
mnus beat Perkin to the patent office by one clay), v*$xs Q t ie grture^ 
economic importance. Natural alizarin, or turkey red, i>as an nncien 
dyestuff obtained from the fleshy part of the root of the madder plant 
iRubia tinctomm and tf. pcrigrwa). It was known to the ancient 
Egyptians, and it has been identified as one of the dyes used to color 
someof the robes worn by King Tut. It was introduce into vn_ 1111 
in the eighteenth century by way of India, the Levant, and France. 
The demand for this coloring matter was great and thousand* of 
acres were devoted to raising the plants from which the dye was 
produced. Madder, incidentally, was one of the earliest dyes used in 
microscopy, ns we shall see shortly. Then in one fell chemical stroke 
an immense agricultural industry was wiped out. Within a very fe 
ware after the synthesis of alizarin, some 400,000 acres m France and 
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elsewhere, which had been producing the madder plant, had been con¬ 
verted to the glowing of food crops. A few years later the synthesis 
of indigo forced the elimination of another agricultural product. 

By 1874 Perkin felt that he had had enough of chemical technology. 
He therefore sold out Ills interests for about 100,000 pounds and re¬ 
tired to devote himself to pure research. Ilis later work included 
the synthesis of coumarin, an odoriferous substance with the smell of 
new-mown hay. With this discovery he laid the basis for the syn¬ 
thetic perfume industry. He also studied the formation of uusat- 
urated fatty acids and did considerable fundamental work on the sub¬ 
ject of magnetic rotation, 

Perkin married twice and had three sons and four daughters. The 
sons all became chemists, and the eldest, William Henry Perkin, Jr., 
became one of England’s greatest organic chemists* The elder Perkin 
received many honors during his lifetime. He was elected a Fellow 
of the Royal Society in 1866, named a Royal Medallist in 1879, and 
was awarded the Davy Medal in 1889. In 1906 the Jubilee of the Dis¬ 
covery of Mauve was celebrated in both England and America, In 
1907, shortly before his .death, Perkin was knighted by his king. 

Wo turn now to a consideration of the effect of the discovery of 
aniline dyes on biology and medicine. This is in fact one of the most 
instructive episodes in the history of science, since it illustrates so 
beautifully the unexpected way in which a discovery in one field of 
science may profoundly influence developments in other areas. In 
1856 when the first aniline dyes were made no one could have antici¬ 
pated that within a few years a whole family of coloring agents de¬ 
rived from coal tar would be of assistance in solving many funda¬ 
mental problems in cellular biology and pathology and would play a 
major role in the discovery of the causes and cures of many infectious 
diseases. 

To appreciate the full significance of the discovery of aniline dyes 
on the biological and medical sciences let us glance quickly at the 
status of knowledge in these subjects a century or more ago, 

Tiie way in which aniline dyes exerted their influence on biology 
and medicine was first of all as an aid to the microscope. These dyes 
were discovered at a moment when they could be effectively used to 
help solve certain important problems for biologists and medical men. 
To appreciate this it will be useful to recapitulate very briefly a few 
facts about the history of the microscope and microscopy. Several 
periods may be distinguished. Although the microscope was in¬ 
vented sometime between 1590 and 1608 (the exact date is uncertain) 
little important scientific work was done with it at first. The first 
important phase from 1660-1723 was the time of the “Classical Mi- 
cioscopists.” These included Marcello Malpighi, who discovered the 
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capillaries and was a pioneer in the study of the microscopic anatomy 
of plants and animals; Hebert Hooke# who first described compart¬ 
ments in cork which he called cells# thus introducing this word into 
the language of biology, Hooke also published the first serious sci¬ 
entific monograph on microscopy. Another of these early workers 
was Jan Swammerdam, who performed incredible dissections of 
insects under the microscope and devised the techniques of micio- 
injection and micro-manipulation. Perhaps the greatest of the classi¬ 
cal microscopbts was Antony van Ixicuwenhock# who first saw bac¬ 
teria and protozoa, saw the blood pass through the capillaries front 
arteries to veins# described spermatozoa# and was also the first, to use 
a coloring agent to stain tissue for observation under the microscope* 
From the time of the death of Leeuwenhoek in 1723 to about 1830 
advances in microscopy were sluggish. One reason was that micro¬ 
scopes were so crude and their lenses so poor that few persons were 
willing to take the trouble to use them, The principal defect m the 
lenses was chromatic aberration., By 1830# however, crown and flint 
glass was available, and this glass made possible the development of 
lenses, especially in combinations, in which chromatic aberration was 
eliminated. With the aid of achromatic lenses new advances wore 
made. The microscopic structure of plants and animals began to be 
better undestrood, and in 1839 Schleiden and Schwann summarized 
the observations of many workers and announced the cell theory* His¬ 
tology, cytology# and embryology began to emerge as sciences. 
ertlieless# for technological reasons, progress was again limited, i lost 
of this early work was done with the use of low-powered lenses and 
weak illumination and without the use of stains. Thus it was that in 
the middle of the nineteenth century, Ferdinand Colin, professor of 


botany in Breslau, wrote: 

A* long as the makers of uderoseope^ do not at our 
hS R her cowers, wnd, as far as pawSbtev without Emmery we will Uud our^i^ 
... In the situation of the traveller w ho wanders In an unknown wontiT at t e 
boiiT of twilight ot the moment when the light of ihiy no looser _ 0 

enable him clearly to dlrtM* ahjeet* and when he la melons that, not- 
withstand Eng a I! Ul3 precautions he la liable to icac hia way- 

Cohn’s complaint was soon to be answered. The production of the 
substage condenser and the development of homogeneous immersion 
lenses (unavailable in Colin’s day) led to the tremendous unprove- 
ment in the illumination of objects observed under tlvo microscope. 
Simultaneously staining techniques were introdueei, an 1 soon 
became indispensable in biological and medical research ami in metli- 

Tbe early history of biological staining is, as a matter of fact, still 
quite confused, and it is foolhardy for anyone at present to give more 
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than ft tentative priority to any one individual because the prospects 
are still good that a diligent searcher may at any time unearth m 
obscure reference showing that someone else lias antedated one’s 
own “first,” 

If one investigates the early history of the subject, he can see this 
for himself. For a longtime it was believed that Joseph von Gerlach 
introduced the use of stains in microscopic work in 1858, Then it 
was shown that Goeppert and Cohn (1843) had preceded him. They 
had, in fact, been antedated by Ehrenberg in 1838. Preceding all of 
them was the Englishman Sir John Hill, who as early as 1770 had 
used dyes, especially extract of logwood, to study the microscopic 
structure of timber. Actually, however, as mentioned earlier, it was 
Antony van Leeuwenhoek who was apparently the first, to record the 
use of a dye as an aid to microscopic observation. He was attempt¬ 
ing to study the difference between the muscle fibers of ft fat cow and 
a lean one. To improve the visibility of the material under his 
lenses, he soaked some fibers in saffron, a yellow dye obtained from 
the crocus plant Leeuwenhoek failed to follow up his observations, 
or to perfect his technique, and so it was almost two centuries before 
systematic efforts were made to use dyes or coloring matter as an aid 
to microscopic observation* 

But if Joseph von Gerlach was not the undoubted originator of 
staining, he certainly was its most articulate promoter, and for this 
he definitely deserves credit* Gerlach (1820-06) was professor of 
physiology and then of anatomy at the University of Erlangen during 
most of his active life* Ho was ft keen student of microscopic anatomy 
and contributed much to the development of microscopic technique* 
One of his greatest contributions was the discovery, independently, 
and partly by accident, of the staining properties of carmine, a dye 
obtained from the cochineal insect. He had been trying unsuccess¬ 
fully to use this dye as a stain when on one occasion he inadvertently 
left a section of brain in a dilute solution overnight. In the morning 
he found ft beautifully stained specimen. His previous failure had 
obviously been due to the use of a highly concentrated solution. He at 
once recognized the significance of this observation and proceeded to 
develop its technical consequences. Not only that, but he so enthusi¬ 
astically promoted its use among his colleagues and students that 
despite the earlier use of carmine by others Gerhich’s name was associ¬ 
ated with the beginning of staining techniques in biology* 

It was at this most opportune time that William Perkin made his 
epochal discovery of aniline dyes. As soon as the dyes were com¬ 
mercially available, it was almost inevitable that someone would try 
them out on a microscopic preparation* This happened in 1862 when 
Beneke of Marburg, about whom little is known, employed acetic acid 
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colored with lilac aniline. It is not certain just what dye this was in 
modem terminology, but it is believed to ham been the same as aniline 
riolet, aniline purple, or mauve discovered by Perkin. BeaeWs an¬ 
nouncement was made in the form of an untitled letter to the editor of a 
small journal and it is difficult to assess its influence. In 1863 W- 
Wahleyer, also a German, began to use aniline dyes for anatomical 
studies. He used such stains os aniline red, Paris blue, and aniline 
violet. Soon other workers were experimenting with the new dyes. 

In the United States the first worker to use aniline dyes for the 
staining of pathological tissues was Joseph Janvier Woodward 
{1833-84) a surgeon and brevet lieutenant colonel in the United states 
Armv, Practically all who have written on the history of stains and 
staining have overlooked Woodward's contribution. He was ^ assist¬ 
ant curator of the newly established Army Medical Museum m W ash- 
ington, D. CL, when he did his histological work. In 1804 he wrote 
a letter to Kudolph Virchow in Berlin, the draft of which rti exists 
in the Medical Museum Archives, and it contains the following 

passage; 

Have you been able to retain with any permanency the color ef your carmine 

mpuJLn h«™ t» — « w »f » >aeri™av« «-«*£• 

anw or oro foo «*» ™ 

prefer at lid? to either? 

It egret! ably, Virchow’s reply, if he ever answered, has not been 
found. During the following year, however Woodward published a 
note in the American Journal of the MedicalI Sciences (vol. 40, pp. 
106-113)* under the title: u Gn the use of aniline in histologic* 1 re- 
searches, with a method of investigating the histology of the human 
intestine, and remarks on some of the points to be observed in t m 
study of the diseased intestine in camp fevers and tharrheas, 

He began his paper with these words: 

Since July ifm I have metis considerable use of aniline colors la my hi*t t> 

]*STn«dL“d m «*» -*»< ■» 

carried od under m, dlrcctl.il let the riMWM “""'“.'"t, 

Med leal Museum. As the use of these colors for the purpose of rtalntog 
parts of tissues and thus rendering them more visible appears tn be 
fn this country irnd. so far as I can learn from the Journals accessible t« me. is 
imperfectly understood abroad. I have thought It advlMhl* to mnt* public the 
method of using them employed In tbe laboratory under my 

Woodward's first samples of dye were obtained from a Dr. Gcnth 
of Philadelphia. He used fuchsin, a reddish dye, end a blue one 
labeled Bleu do Lyon. He was the first American to employ aniline 
dyes in histological work and was probably the first anyw lire to use 
them in pathological studies. His efforts un fortune e y a 
influence on the development of staining techniques in s coun ry* 
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There were very few microscopes in America, and microscopists were 
even scarcer. Thus the principal advances were made in Germany 
where the dye industry was being developed at a rapid pace and where 
research, both academically and industrially, had already progressed 
from amateur to professional status. 

A technical development of considerable importance came in 1865 
when Boettcher and, later, Fleming (both of Germany) in 1875 devel¬ 
oped the principle of alcoholic differentiation. By overetaining and 
then removing the excess dye with alcohol it was found possible to 
control with great accuracy the end result. It was this method of 
differentiation which led Fleming to develop some years later his 
famous triple stain. The method of producing double and triple 
staining effects had very important consequences in another direction 
to which we shall come in a moment when we consider the work of 
Paul Ehrlich. 

In the field of biology the advent of the new dyes made possible new 
knowledge concerning the internal structure of cells and a better 
understanding of the phenomena of cell division. The stains provided 
the roots for such fundamental terms in cytology as chromatin and 
chromosomes, referring to the ability of these structures to take 
up dyes. 

In pathology the new stains helped to improve diagnostic techniques 
and were invaluable tools in the solution of many problems. Thus in 
1SC9 Julius Cohnheim of Breslau began his classical studies of in* 
animation, the nature of which was scarcely understood. Even 
Virchow had misconstrued the process since he argued that inflamma¬ 
tion was a local cellular response manifested by cells at the site of 
injury. However, there were some who believed that other cells, 
especially white corpuscles of the blood, were also involved. In a 
brilliant series of experiments Cohnheim showed that this was so by 
tagging kucocytes with aniline blue and then, fed lowing their course 
to the seat of an inflammatory process. 

But useful as the aniline dyes were to pathology in increasing our 
understanding of the seats of diseases, they played an even more signifi¬ 
cant role in revealing the causes of infections and parasitic Hts»»j»sps and 
even in their cure, 

a ^ ,e important applications of the new dves was tn the 

^e i o ot etiology, then in the process of becoming a science. It will 

he recalled that Leeuwenhoek had first seen bacteria in 1676. He did 
not, however, associate these minute organisms with infectious dis¬ 
eases. Indeed it was 200 years after bacteria were first seen before 
their role in the etiology of disease was conclusively proved. There 
were, of course, many reasons for the delay. The solution of the prob- 
a o wmt upon improvements in the microscope, improvements 
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in observing techniques, and above ell on the invention of methods for 
handling bacteria and growing them in pure culture. Practically all 
the early observations were made iqjon free-living forms as found in 
nature. Their role in such natural phenomena as fermentation and 
putrefaction was not understood at all; most workers, in fact, regarded 
microbes as the result of these reactions rather than the cause. These 
ideas implied a belief in the theory of spontaneous generation. Thus, 
before any real progress could be made in understanding the role of 
bacteria in the economy of nature, tlvis theory had to be disproved. 
The story of the battle over abiogenesis is too long to recount at this 
time. Through the labors of many workers, especially Louis Pasteur 
and John Tyndall, it was dually shown beyond the shadow of a doubt 
that bacteria are not generated in fermenting or putrefying materials 
but in fact are the causes of these reactions. It was demonstrated that 
if proper precautions were taken to keep microbes out of such things as 
milk, urine, blood, grape juice, flesh, etc., no fermentation or putrefac¬ 
tion occurred. Furthermore, it was demonstrated that specific reac¬ 
tions were associated with the presence of specific niicre-organisms. 

Now the way was cleared for an attack on one of the oldest of human 
problems, the cause and prevention of infectious diseases. From time 
immemorial men had lived in helpless dread of plagues and epidemics. 
They were attributed to evil spirits, the wrath of God, or to such 
assumed natural causes as miasmas or noxious emanations from 
swampy or low-lying areas, or climatic conditions. Thus the name 
“malaria” (literally bud air) is a verbal fossil surviving from the days 
of miasmatic thinking. But from time to time some bold thinkers 
put forth the notion that invisible living ugonts might cause infectious 
diseases. A ftertiie disco very of bacteria, the number of these specula¬ 
tions increased. Put no one came forth with any proof. In 1S40, 
Jacob Houle, a German pathologist, published a small monograph in 
which ho examined this question, lie argued that the time was ripe 
for an experiment:!] attack on the problem of infectious disease and 
pointed out that there was some very suggestive evidence indicating 
that microbes might in fact be the causative agents, ITenle drew up 
a set of postulates or principles which would have to be satisfied in 
such a demonstration. First of all it would have to be shown that a 
specific organism was invariably associated with a specific disease. 
Second, it should be possible to separate the specific organism from the 
diseased body and grow it in pure cuiture, Third, it would have to 
he possible to produce the disease in susceptible animals by infecting 
them, with this organism and then reisoiating )t. Twenty-five years 
later, Henle's brilliant pupil, Robert Koch, working in & home labora¬ 
tory with homemade equipment, demonstrated the validity of these 
criteria (hence generally known as Koch's postulates) in anthrax, a 
"I sisoo— es- so 


440 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1 ©S 7 

disease of cuttle. He saw the germs of the disease in the blood of 
infected cattle. He was able to grow these germs outside the animal 
body for sevem] generations in culture media which he devised; and 
when he reintroduced these germs into susceptible mice they promptly 
became ill and died of anthrax infection. 

While Koch was carrying on these investigations, another worker, 
Carl Weigert, was working along a line that converged on Koch's 
problem. Weigert as a pathologist was concerned with methods of 
recognizing cellular elements under the microscope. He knew about 
the new dyes that were appearing from the great chemical factories 
in Germany. He was also aware of one of the cardinal problems in 
the infant science of bacteriology. This was the question of recogniz¬ 
ing the presence of bacteria in tissues. In the unstained state they 
were almost impossible to distinguish from other cellular structures. 
Weigert tested a number of dyes, and in 1875 he was successful in 
demonstrating cocci in tissues by the use of methyl violet, a coal-tar 
stain. In 187T he successfully stained anthrax bacilli in various 
organs of a dog using methyl violet, Bismarck brown, and other 
aniline colors. These results helped enormously in convincing skep¬ 
tics that there might be something to the germ theory of disease. 

Robert Koch now* began to perfect methods for handling and 
observing bacteria, techniques without which bacteriology could not 
emerge as a science. Ho developed the solid-culture method for 
isolating and growing pure cultures of bacteria. Then he devised a 
simple method for staining bacteria outside the body tissues. In the 
living state, especially while in motion, microbes were almost im¬ 
possible to resolve and identify under the microscope. This fact 
made accurate diagnosis practically hopeless, and study extremely 
difficult. Koch solved the problem by making very thin smears or 
films of bacteria from cultures, body fluids, or exudates on glass 
slides or cover slips. These films were fixed by gentle heat or air 
drying and were then stained. The organisms now stood out sharp 
and clear in a microscopic field without distortion or alteration of 
size, Koch found that of all dyes the aniline colore were best suited 
to bacteriological work. He further found that such stained prep¬ 
arations could easily be photographed. From his photographs, 
Koch was able to confirm the existence of flagellae in bacteria, struc¬ 
tures about which a controversy had been raging between those who 
claimed they saw them and those who said they were imaginary. 
Within a span of about two decades, often called the golden age of 
bacteriology (1875-95), with the aid of pure culture techniques and 
staining methods devised by Koch and his school, the causative 
agents of many of the most important diseases afflicting man and 
animals were identified. These included the tubercle bacillus and 
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the germs of leprosy (now called Hansens disease), cholera, typhoid 
fever, puerperal fever, pneumonia, glanders, diphtheria, brucellosis, 
malaria, tetanus, and others. 

The discovery of bacterial and parasitic causes of disease led a 
once to attempts at prevention and cure. In the field of surgery 
Joseph Lister worked out the principles of antisepsis, Inter modified 
to asepsis. These were primarily techniques for keeping bacteria 
away from a surgical operative field by the use of antiseptics and 
sterilized instruments and dressings. Thus the horrors of woun 
infection were removed from the operating room and hospital wards 
In this field also, coal-tar derivatives played a most important role 
in serving as a source for antiseptic agents for wound dressings and 

ns a sterilising medium for instruments. 

Bat the real impact of aniline dyes in the field of therapeutics was 
made by the work of Paul Ehrlich, who was born in eastern Germany 
in 1854, just two years before Perkin made the first coal-tar dye. 
Like Perkin, Ehrlich was also a very young man when he made his 
first notable scientific contribution. While still a medical student he 
began to study the effect of dyes on tissues. Stimulated by the work 
of his teacher Julius Cohnheim and his cousin Carl Weigert, Ehrlich 
became interested in the chemistry of dyes and the relation of chemi¬ 
cal structure to specific actions on cells. The coal-tar dyes very 
quickly attracted his attention, and he was the first to recognize the 
biological difference between acid and basic dyes. Tins led him 
during the years 1877 to 1880 to his cpochraaking studies on blood m 
which he differentiated several varieties of white blood corpuscles 
by means of their responses to stains. These included basophilea, 
eosinophil**, neutrophiles, lymphocytes, and monocytes. He was the 
first to recognize stippling in red blood cells and d^cr.bed the earliest 
known case of aplastic anemia. Shortly after leaving medical school, 
Ehrlich was invited by Robert Koch to work in his laboratory in the 
Imperial Health Office in Berlin. He arrived there about the time 
that Koch was carrying on his classic researches into the cause of 
tuberculosis. On the day after Koch announced his discovery of 
the tubercle bacillus, Ehrlich devised an improved method of stain¬ 
ing the organism with aniline dyes. Ehrlich's method is shll used in 
every diagnostic laboratory, although it is known to generations of 
technicians as the Ziehl-Niebon stain because of two minor technics 
modifications introduced by these workers Ehrhc i a so wor w c ou 
the rationale of the polychromatic staining methods which have since 
become so popular and useful. There are numerous modifications 
among which may be mentioned Unns’s polychrome methylene blue, 
Mallory’s aniline blue connective tissue stain, Romnnowsky s eosm 
methylene blue stain for use on blood smears unc or t le lagnosis 


442 ANKUAL REPORT SMITHSONIAN IXSTlTCTION, 1957 

of malaria. Variants of these stains are known by the names of 
Irishman, Giemsa, Wright, Hastings, and others. 

Shortly after coming to Heflin, Ehrlich contracted tuberculosis and 
went to Egypt to recuperate. After 2 years, the disease arrested, he 
returned to Germany and began work on the standardization of 
antitoxic sera, especially those against diphtheria and tetanus. His 
studies, although directed toward « very practical purpose, produced 
results of the highest theoretical significance, since they led him to 
evoke his famous side-chain theory of immunity. It would lead us 
too far afield to discuss this here, hut it should be mentioned that the 
basic concept was derived by Ehrlich from his work on the specificity 
of staining reactions, F roni the very beginning of his investigations, 
ht Had bwn obsessed with ths if Ha that- the basis of staining reactions 
was the ability of specific colls or parts of cells to fix or have an affinity 
for specific stains. He generalized this idea in his motto “Corpora 
non igunt nisi fixatft 1 *—bodies do not react unless they ore fixed— 
iitul from this Ehrlich derived his idea for a search for a “magic 
lull let or drug effective against the specific agent of specific diseases. 
The magic bullet 1 ’ was no mere whimsey or figure of speech. It 
derives from art ancient theme in Germanic folklore and in fact 
provides tire motif in von Weber’s opera, Der Frehchiits. 

II ith this notion, Ehrlich created the modern science of chemo¬ 
therapy. He began from the observation that methylene blue seemed 
to have a special affinity for nerve cells. He was curious about the 
reiivon for the unique specificity. He there fore suggested to diem ists, 
nut ably Caro of the Badische Amalia and Sodafabrik, that certain 
modifications of the dye be prepared which might provide a clue to 
its selective action on nervous tissue. In the course of these investi¬ 
gations a new coal tar intermediate was discovered which provided 
the basis for synthesizing a whole new series of commercially im¬ 
portant dyes, the rhodamine series. Here we have an example of 
how a purely biological research proved useful to industry and 
commerce- In the meantime Ehrlich had discovered that methylene 
blue was a very effective stain for malaria parasites. This was in 
1891 f? d [t ]ed to a*™ trials on patients. The results were not too 
promising but were not completely negative since thev pointed the 
way later to the synthesis of some really effective antimalarm] drugs. 
Ehrlich next attempted to find a drug effective against trypanosomes, 
one type of which causes African sleeping sickness. The first result 
was the synthesis of a tetrezo dye, trypan red. This was found to be 
elite live against Trypanosoma eguinum, the causative agent of mul 
de coders, a disease of horses. Trypan red worked in mice infected 

™ th ;7T n T “ d was the first MfUn P ,e o f * specific drug syn¬ 
thesized to bo effective against an experimental infectious disease- 
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Shortly thereafter two French workers, Ifesnil and Nicolk, made 
up two additional dyes of the same series, trypan blue and afridol 
violet. The trypan blue was found to be effective against a try¬ 
panosome disease of cattle. But the carcasses of cows so treated en¬ 
countered sales resistance in the butcher shop. Bright blue meat 
did not attract customers. A search was therefore started for a 
colorless trypanocidft. The Bayer Company, after synthesizing and 
testing several thousand compounds, finally developed Bayer 205 or 
Germania, which was found to be very effective against African 
sleeping sickness—so effective, in fact, that the Germans, after VV orld 
War I, offered to release the formula only in return for their last 
African colonial empire, Britain refused and shortly thereafter 
Fourneau of the Pasteur Institute in Paris successfully synthesized 
the drug, 

Ehrlich meanwhile pressed forward with his own researches. In 
1906 he was made the head of a privately endowed laboratory in Frank¬ 
furt, the George Speyer Haus, devoted exclusively to chemotherapeutic 
research. As early aB 1902 Ehrlich had begun to study certain ar¬ 
senic-containing compounds related to atoxyl. This was the first 
organic arsenical tried in trypanosomiasis, It was named atoxyl be¬ 
cause at first it was thought to be nontoxic to the host. This proved 
not to be so. Ehrlich and his chemists attempted to modify the mole¬ 
cule so as to enhance its effect on the parasite while decreasing the 
toxicity for the host. One byproduct of this work was Liie production, 
of ncri/lavin. This chemical, while not effective against trypanosomes, 
was found to have value as a wound disinfectant. In 1905 Schaudinn 
and Hoffmann discovered the cause of syphilis and at once Ehrlich 
began a hunt for a compound effective against the spirochete. Once 
again he tried modifications of arsenic compounds in the form of a 
radical hooked onto a dye molecule. In 1909, after testing com¬ 
pound fiOfi in his series, he, together with Ids assistant Hata of Japan, 
announced the discovery of salvnrsan or arsphciutmine as a cure for 
syphilis. It was Ehrlich’s greatest triumph. Among many honors 
showered upon him was the Nobel Prize, 

Ehrlich now became interested in the possibility of finding a cure for 
cancer. It was his last major investigation before he died m 1915. 
That he failed is not to his discredit since no one else has yet dis¬ 
covered a cure for this disorder. Yet if and when such a cure is found 
one may predict that it will probably be discovered along the read 
and by the methods so successfully charted by Paul Ehrlich. 

The high hopes raised by Ehrlich’s brilliant chemotherapeutic sue- 
cesses were not sustained ufter his death, Foiy^hil© a number o 
compounds had been found which were useful in the treatment of 
protozoal and spirochetal diseases, no really effective magic bullets 
had been found against bacterial infections. 
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The outbreak of World War I led to a renewed search for new and 
better antiseptics to combat wound infections. Once again aniline 
dyes proved useful. It had already been observed that certain of these 
dyes, when incorporated into media for growing bacteria* had the 
ability to suppress the growth of some germs while permitting others 
to develop* This was a useful diagono&tic tool in isolating certain 
bacteria from mixtures. JTow it was found that some of the germs 
against which the dyes exerted a selective bacteriostatic action were 
common causes of wound infection. Gentian violet, brilliant green* 
and other members of the triphenylmethane series were found to be 
especially effective. Thus* during the war gentian violet was used 
with considerable success at the Walter Reed Hospital in Washington 
for the treatment of diphtheritic infections of amputation stumps. 
Another antiseptic of considerable value developed during this period 
and stemming directly from Ehrlichia own studies was neutral acri- 
IIlU ine. Mercurochrome and related substances are familiar to ft)L 
\ et despite a concerted effort In numerous laboratories all over the 
world, little practical progress was made in finding chemotherapeutic 
agents effective In the patient’s body against such organisms as the 
pneumococcus, streptococcus, the enteric organisms. The break¬ 
through came in 1D32-35, when Gerhard Domagk of Germany discov¬ 
ered the first of the sulfa drugs of which literally hundreds have been 
synthesized. Again these find their chemical basis in coal-tar dyes. 
The subsequent discoveiy of the antibiotics is outside the scope of this 
story. How ever, to make this account complete and, in fact, to return 
to £ lie starting point, as it were, I must mention the search for anti- 
malarial drugs. It will be recalled that Perkin discovered aniline 
dyes by accident while attempting to synthesize quinine. With the 
increase in chemical knowledge, others took up the problem where 
Perkin left it and this time with more success. Between World Wars 
I and II a series of potent nntimalarial drugs such as atabrine, plas- 
mochine* paludrine and others were prepared. These were found 
to be especially effective during the Second World War when supplies 
of natural quinine ware cut off* Then in 1944, quinine itself was 
synthesized by Woodward and Doering of Harvard. How Perkin 
would have rejoiced at this feat, for a feat it was. But synthetic 
quinine, while representing a scientific triumph, is not a practical drug 
since it is too expensive for commercial use. 

In summary, we have seen how the aniline dyes discovered by Wil¬ 
liam Henry Perkin came at a most fortuitous moment in the history 
of medicine and biology. In retrospect, it is oven possible to question 
whether medicine and biology as wo know them today could have 
reached their present position had they not traveled the rainbow road 
that poured out of Perkins test tubes and tar buckets. 



Causes and Consequences of Salt 
Consumption 1 


By Hans Kit mu 

Department of Pathology, Columbia Unh enity 


The addition of salt (sodium chloride) to our food hag been curi¬ 
ously taken for granted, although there seems to be little physiological 
evidence as to whether we are benefited by this habit. Ever since his¬ 
torical records have been kept, salt has played an amazingly important 
part in the lives of men. Wars have been fought over its sources, and 
for centuries its trade was more important than that of any other 
material, as can be seen from the word 4t saIary. ,T Homer called it 
“divine*” and it has played an important part in many religious cults, 
in folklore and superstitions. 

Although there was certainly a great deal of deep wisdom connected 
with the use of salt in ancient rites, it scarcely seems possible at present 
to appreciate the meaning of the old cults because we have as yet 
been unable to free ourselves from many prejudices connected with 
its use. In our own time, the sharpness of the discussions as to the 
advisability of salting one’s food may still be a reflection of this tra¬ 
dition T which also makes it understandable that the discussions are so 
frequently carried on by faddists rather than nutritionists. 

For these reasons and because the physician is so frequently ap¬ 
proached with the question of whether one should use salt, an unprej¬ 
udiced discussion of this subject seemed desirable. It should be stated, 
however, that undeniable facts, which should fortn the basis of this 
discussion, are indeed scarce* One ta forced to be guided all too often 
by biological innuendoes and vague clinical impressions; thus the 
conclusions here set forth should be taken with more than a i grain 
of salt.” 

It seems particularly timely to give consideration to the problem of 
the action of sodium and potassium salts from a point of view other 
than their conventionally accepted role os regulators of osmotic pres- 

! Reprinted by permission from Nature, vol ITS, PP- 1141-1144, Nov. 2t 1950. 
Bibliography otnltted. 
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sufe because, in the present era of cell physiology, the conclusion is 
inescapable that inorganic materials play an important part in hor¬ 
monal and enzymatic processes. Therefore* it seems not inappropriate 
to discuss the role of sodium and potassium salts from this point of 
vie^v* although at this time the considerations are largely of a specula¬ 
tive character* 

Theories which Jay the groundwork for our own concepts were 
gradually develn|>ed about 150 years ago* In a book which reveals a 
remarkably modern outlook* Lehmann* in 1S53, came to the conclusion 
that the adding of salt to natural foodstuffs is unnecessary for man* 
I bis view seemed to be supported by the fact that most animals, in 
freedom and in captivity, do well on natural foodstuffs without addi¬ 
tion of salt. Although some species (for example* cattle, cleer, etc.) 
consume salt eagerly when they are offered the substance or when they 
encounter it in salt licks, there is no proof that they need it for a 
healthy life. 

Later, however, von Bunge formulated his famous hypothesis that 
extra dietary salt is needed by populations consuming predominantly 
vegetable products* The excess salt was presumed to be necessary for 
the more effective excretion of potassium. Bunge arrived at this con¬ 
clusion on the basis of anthropological studies which he thought indi¬ 
cated that nomadic societies mainly subsisting on meats do not add 
salt to their food, whereas* once agriculture is developed, salting 
becomes necessary. He linked this with his observation that the intake 
0 f sa It is aocompan i ed by the rapid onset of potassium excretion* How- 
ei ei ? he emphasised that the large amounts of salt usually consumed arc 
out of proportion to what he thought arc biological needs. Osborne 
and Mendel later showed that salt refjuirenients for growth of expert 
mental animals are indeed low; their animals were able to live on 
traces of Balt. Thus, one might have expected that this theory could 
never have achieved major importance; but, curiously enough, this 
has not been the case, and it is still cited without further discussion by 
current textbooks of nutrition and anthropology. 

Objections to the theory' should by now be all too obvious. So far 
as the increased potassium excretion after salt intake is concerned, 
such a reaction occurs unspeeifically wUh many injuries and diseases. 
Bunge himself never offered any proof that the increased potassium 
excretion is biologically of advantage, although lie implied it. Now 
we might be inclined to the opinion that those potassium losses are 
disadvantageous. 

As for Bunge s anthropological data, ho brushed away the objection 
that gome African tribes mainly subsisting on a vegetarian diet use 
potassium-rich plant ashes rather than salt as a condiment. Even at 
t he present time there exist a considerable number of societies which do 
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not add salt to their food. Important In this respect are studies by 
Kroeber of the food habits of Indians of the northwest Pacific- In 
the southern half of the area studied, salt was used, but not in the 
northern half. There was no predominance of plant or animal food 
in either region. 

I have been given recent and direct anthropological evidence dealing 
with this question by various workers in this field* 1 I have learned 
of studies of places as distant as Melville Island in Australia, the 
Kalahari Desert in South Africa, and Tier™ del Fucgo which lead 
W the conclusion that the use or non-use of salt by various tribes is 
irrespective of the amount of agricultural products they consume. 
The observation is probably of deep significance that the Siriono 
Indians of eastern Bolivia, a hunting people, were ignorant of salt 
until it was introduced to them by an anthropologist. At first, they 
found it distasteful, but they later developed a craving for it This 
indicates that, once some people are exposed to salt, they cling to its 
use stubbornly—as do so many of us to the consumption of alcohol, 
coffee, nicotine, etc. 

When carefully weighing the available evidence, one cannot escape 
the conclusion that normal metabolic processes are possible without 
the adding of salt to natural foodstuffs. Why then do we eat salt? 
Merely to answer that certain societies like its taste whereas others 
do not would be trite and superficial* It seems to me that salt intake 
is probably correlated with emotional stimulation, a fact perhaps more 
keenly appreciated in the superstitions of the ancients than in our 
own rational approach. In view of the fact that this stimulation 
may be consciously or unconsciously pleasurable, it may be a causal 
factor in the craving for salt. 

When we now try to deal with the possible consequences of adding 
salt to the diet, it must be emphasised that, the nutritional essentiality 
of salt for humans has been firmly established. Only the quantity 
necessary is much in doubt. For a better understanding of this sub¬ 
ject, it seems advisable to review briefly the main trends in studies 
dealing with the biological effects of sodium chloride. 

One involves investigations of its distribution in the organs and 
the excretion of salt in health and disease. Others deal with the 
peculiar antagonism of sodium and potassium in living organisms. 
An important subject of investigation is concerned with why salt is 
an essential ingredient of any living cell; and another trend centers 

I I wish to express mj gratitude for the invaluable Information ci tcti to m by 
MLgg Jane C. Good ale, of the University Musenm of the University of PecDayl- 
vnnla h Pra. S H K, Lothrop, Hallam L. Movlus, Jr., and John Marshall, of the 
Peabody Museum of Harvard University, find Dr. Hurry Tsdioptk. Jr-, of the 
American Museum of Natural III story. 
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around the regulatory mechanisms, especially of the higher animals, 
developed for the maintenance of an optimum distribution in the body. 

The high potassium content of the parenchymatous cells as opposed 
to the higher sodium chloride content of the blood serum has been 
recognized at least since von Liebig's time. Soon thereafter, many 
studies were conducted which gradually led to the recognition that, 
in disease, the low sodium chloride content of the cell increases while 
the potassium level decreases. Speculation as to how the body can 
maintain the high concentration gradients within the distance of a 
few microns between the surface of the cell end the blood plasma origi¬ 
nally involved the idea of the specific permeability of cell membranes. 
It was held that the cell membrane is specifically permeable to potas¬ 
sium salts and almost impermeable to sodium chloride under normal 
conditions and that this is disturbed in disease. 

Some investigators recognized the weaknesses of these hypotheses 
at an early date, Keller, in particular, attacked the idea that the 
separation of the minerals was due to the function of an “inert” menv 
bninc rather than to the discriminatory power of the whole living 
celb He tried to replace this static view with his electrostatic theory, 
the study of which is still re warding even after 50 years. Neverthe¬ 
less, the permeability theory was accepted by most biologists until 
isotope studies proved that the cell membrane is equally permeable 
to both potassium and sodium salts and that the low sodium chloride 
content of the cell is due to ite rapid expulsion from the celh This 
mechanism is now often referred to as the “sodium pump,** a term 
which might well be improved* Although these studies prove that 
the removal of sodium chloride from the cell is a dynamic process 
the disturbance of which leads to the accumulation of sodium chlo- 
i]da within the cell, and although many modern physiologists have 
demonstrated tile weaknesses of the membrane theory, some invest^ 
gators are not as yet ready to give it up entirely* 

The modern concept of competitive antagonisms within enzyme 
systems, which gradually evolved from studies on minerals, has proved 
a useful tool for the understanding of some functions of sodium and 
potassium salts. In practically all biochemical and pharmacological 
studies, it has been shown that sodium and potsssum have opposite 
functions. For example, potassium salts favor diuresis; sodium salts 
do the opposite. Many more examples have been cited. Lately, 
some evidence has been put forth that this antagonism is particularly 
important in regard to the action of chloride, the biological effect of 
which depends upon whether it is accompanied by sodium or 
potassium. 

In studies concerned with the question of why sodium chloride is 
essential for the living cell, tenable ideas are sketchy. It seems im- 
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portent that a number of enzyme systems can only function if sodium 
chloride is present at certain concentrations. In view of the fact 
that we now believe that the life of the cell is maintained by enzymatic 
processes, sodium chloride is an integral part of the cell* 

These dynamic equilibria are encountered in any living organism. 
In higher animals they are, to a considerable extent, under hormonal 
control, and disturbances of the more basic processes become notice¬ 
able if the hormonal control breaks down. Tims, one finds that in 
many diseases the sodium-pot assium ratio in the tissues is disturbed, 
which probably Interferes with metabolic processes hound to a con¬ 
stant sodium-potassium ratio. It is quite probable that in diseases 
which are of generalized character and are also accompanied by signs 
of renal damage, excess dietary salt can enhance the disturbances of 
the sodium-potassium ratio in the tissues and can thus contribute to 
the occurrence of metabolic failure; but these conditions are by no 
means clear, and the influence of dietary salt in health and disease 
can be better appreciated from its effect on the hormonal mechanisms 
than from its action on the basic processes* 

The regulatory mechanisms of salt metabolism not only involve 
inetetory glands hut also every major organ directly or indirectly* 
One mechanism involving the central nervous system was discovered 
by Claude Bernard, who demonstrated that injury to a certain part 
of the medulla is followed by the excretion of large amounts of sodium 
chloride. Although a great deal of thought has been given to the 
central nervous regulation of mineral metabolism, neither its correla¬ 
tion to other regulating mechanisms nor how it is affected by changes 
in salt intake is clear. 

Renal mechanisms in salt metabolism have received considerable at¬ 
tention* In fact* the salty taste of urine attracted the curiosity of 
people for a long time* and this was the reason for its medicinal use. 
Despite the enormous amount of work done since then on the ex¬ 
cretory mechanism of the kidney, there is little evidence as to 
whether the dietary' intake of salt eventually interferes with the 
excretory power* From an evolutionary point of view, it is well to 
remember that sodium cldoride is a scarce material for most animals 
and is constantly reabsorbed by the kidney, Exce^ salt intake forces 
the kidney to excrete rather than to reabsorb it, which may ^provo 
too much for it 1 ’ in the long run. Such a view is supported by the 
rapid occurrence of histological changes in the kidneys of animals 
on a high dietary salt intake. 

Tho regulatory mechanism for sodium chloride metabolism at pres¬ 
ent host understood rests in the adrenals. This function of the 
adrenal cortex was educed in R. F* Loeb's studies on patients with 
Addison’s disease. It was demonstrated that the low serum sodium 
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chloride values in patients with adrenal insufficiency are associated 
with continued urinary losses and are accompanied by low potassium 
excretion and increased serum potassium values. These changes are 
prevented by tha norma] secretion of the adrenal cortex involving 
steroids such as deoxycorticosterone, cortisone, and aldosterone. 
However, these hormones not merely influence sodium chloride and 
potassium salt metabolism but also play an important part in the 
regulation of protein metabolism (increased tirea excretion in hyper- 
ad rcn a i ism), carbohydrate metabolism (diabetes in adrenal hyper¬ 
function; hypoglycemia in adrenal insufficiency), blood pressure 
(hypertension in adrenal hyperfunction; low blood pressure in 
adrenal insufficiency), fat metabolism (changes in fat distribution in 
adrenal hyperfunction), pigment metabolism (discoloration in ad¬ 
renal insufficiency). If, then, certain body functions are directly 
influenced by the adrenal cortical hormones, one might ask whether 
the intake of sodium chloride affocte them because of its intimate 
relationship with adrenal function. 

Abundant proof has been given that the deleterious effects of ad¬ 
renal insufficiency can be at least partially counteracted by the ad¬ 
min iteration of salt. This is true both for humans suffering from 
Addison's disease and adrenalectomized animals* On the other hand, 
salt intake is clinically undesitable in conditions in which the induc¬ 
tion of hyperadrcnalism is a disadvantage. As is known, the ad¬ 
ministration of either cortical hormones or salt may lead to similar 
symptoms in circulatory conditions, hypertension, and the like. 

There exists by now a considerable body of evidence linking the 
functions of the cortical hormones to those of salt* Thus, hypertension 
produced by deoxycorticosterone is enhanced by simultaneous admin¬ 
istration of sodium chloride. The kidney lesions and changes in food 
and water intake brought on by salt are potentiated by cortisone. 
There exists, furthermore, a considerable similarity in the influence 
which the adrenal cortex or salt exerts on carbohydrate metabolism.. 
Hyper ad rena li sni is accompanied by increased deposition of glycogen 
in the liver and a high blood sugar. On account of the simultaneously 
increased urea excretion, it was deduced that the increased glycogen 
formation is due to catabolic processes in protein metabolism. The 
administration of salt leads to similar changes, namely, increased 
deposition of glycogen, reduced oxidation of glucose leading to in¬ 
creased blood sugar, and i nc reased urea excretion. On the other hand, 
the reduced intestinal absorption of glucose on adrenalectomized 
animals can be equally corrected b} T a salt or by adrenal hormones. 
Unless one assumes that this latter finding is only duo to improved 
intestinal blood supply, a more specific salt effect becomes probable, 
which leads to the conclusion that the effects of salt and of adrenal 
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hormones on carbohydrate metabolism are perhaps interrelated and 
that the mechanism of this effect is the stimulation of the cortex by salt 
The restoration of carbohydrate metabolism in adrenalectomized ani¬ 
mals may perhaps be due to the stimulation by salt of tissues which are 
functionally related to the adrenals. Additional material in support 
of such a theory will be given below. 

Thus, the conclusion is unavoidable that cortical hormones and salt 
enhance each other's actions But the question must be asked whether 
this relationship is important when salt is added to the diet* because 
one might argue that excess salt leads to a compensator)' decrease in 
adrenal secretion of some of the hormones. This latter seems im¬ 
probable because it has been shown experimentally that increased salt 
intake is followed by adrenal enlargement suggestive of adrenal 
hyper function. Clinically, high salt intake is probably related to 
1 typer tension, again a sign of high cortical hormone secretion. 

Such a concept is supported by the effect of sodium chloride in a 
number of conditions which have in common: loss of sodium chloride 
by way of one of the body fluids, a drop in serum sodium chloride, 
and a favorable response to the administration of salt. In addition 
to Addison's disease, one should mention here heat exhaustion, various 
uremic conditions w T ith or without histological signs of kidney disease, 
and high intestinal obstruction. It is usually believed that the benefit 
resulting from the intake of sodium chloride in these conditions is 
due to the replacement of sodium chloride which has been lost, A 
more careful analysis indicates a different mechanism. 

In profuse sweating, the sodium content of the sweat and urine 
is rapidly reduced to such an extent that the total salt Joss was, within 
5 to 8 hours, less than that occurring in the same period without pro¬ 
fuse sweating; a correlation between the salt content of sweat and 
adrenal activity has been fairly well established. The fact that vari¬ 
ous uremic conditions respond favorably to salt administration has 
been well known for at least 30 years. These studies are related to 
observations on a salt wasting nephritis/' No balance studies indi¬ 
cate whether these patients actually had a negative salt balance. We 
were able to carry out such a study on one patient with a rapidly 
progressing uremia, profuse vomiting* and a drop in serum sodium 
chloride. This patient consumed only a little bread and milk and 
yet had a positive sodium and chloride balance. Similarly, it is 
Imown that the amounts of sodium chloride necessary for improving 
the condition of animals vomiting because of intestinal obstruction are 
much higher than the amounts actually lost* 

The improvement produced by salt in the above conditions cannot 
be duo merely to the replacement of salt losses but must be rooted 
partly in some pharmacological effect of the substance. The thero- 
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peutic effect becomes understandable if one assumes that the pharma¬ 
cological effect of salt is tliat of adrenal stimulation, which results 
in the improvement of the existing ‘‘stress” condition. This theory 
would be more acceptable if it could he demonstrated that there is 
some reason for the assumption that a similar mechanism is partly 
responsible for the salt action in Addison’s disease and in adrenalec- 
tomized animals. In human adrenal insufficiency, the amount of salt 
required to produce optimal clinical improvement is high, perhaps 
50-100 times what might be considered “normal” minimum require¬ 
ments. ’Whether these high requirements are only due to the high 
renal losses or whether they are also needed for their adrenal-stimu¬ 
lating effect has not as yet been studied. If the effect were only due 
to the replacement of losses, one should suspect that the amount just 
sufficient to bring about equilibrium of the salt balance should allow 
optimal clinical improvement. Whether the high doses are neces¬ 
sary to give equilibrium of the salt balance or whether this could be 
achieved with much smaller amount® has not as yet been studied. 
Some very sketchy information obtained on adrenalectomized rats 
indicated that the salt requirements for maximal improvement are 
much higher than those necessary to bring about equilibrium of the 
balance. This point, however, needs more attention m the future. 

Finally, if one asks whether a similar mechanism may also be re¬ 
sponsible for the action of salt in adrenalectomized animals, some 
pertinent data can be uncovered in the literature. As mentioned be¬ 
fore, the intestinal absorption of carbohydrate is restored by salt or 
adrenal hormones. Similarly, fat resorption is improved. Salt or 
cortical hormones keep hemoglobin formation at normal levels, keep 
adrenalectomized rats fertile, and prevent cytologieal changes in the 
pituitary of adrenalectomized animals. Inasmuch as salt has scarcely 
a hormonal effect per se, its action may well be mediated by stimula¬ 
tion of tissues capable of partly replacing the adrenals. 

The stimulating effect of salt probably sets in motion adaptive 
mechanisms involving enlargement of the liver, kidneys, and adrenals; 
this has been found in experimental animals. Similar conditions have 
been thoroughly discussed in many other “stress” conditions. 

The possible changes, especially perhaps in the emotional sphere, 
brought on by the stimulating action of salt are, of course, entirely a 
matter of speculation. The greater responsiveness of people, if they 
were so stimulated, could have helped throughout the ages in the ac¬ 
cumulation of knowledge. Whether this is one of the roots of the 
reverence which was accorded salt by the ancients can scarcely be 
guessed at this time. 

It would be of inestimable value if we could be sure how long ago 
the majority of mankind learned to eat salt. It has been assumed that 
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this took place when peoples went through, their neolithic stages, which 
were accompanied by the introduction of agriculture and which took 
place for the more complicated civilizations about 5 to 10 thousand 
years ago. The evidence for the simultaneous introduction of agricul¬ 
ture and salt eating is scant. The first known signs of salt mining were 
found in the Austrian Tyrol and date back to the late Bronze Age 
for that part of he world, about 1000 B. C. However, it is obvious 
that all the more complicated older cultures (Egyptian, Babylonian, 
Chinese) antedating that period knew the use of salt. One clue as to 
when tribes became used to salt is that Sanskrit and its daughter lan¬ 
guages hare uo common root for salt and that therefore the Indo- 
Europeans, when first migrating, did not then know its use. For these 
reasons, wo are still inclined to believe that salt was gradually more 
extensively used when the tribes went through their neolithic stage. 

Is there any reason to assume that the constant use of salt os a stimu¬ 
lant has changed our intellectual capacity! If our previous specula¬ 
tions are correct, one must assume that man in the upper Paleolithic 
period (10 to 35 thousand years ago) did not salt his food; yet, Cro- 
Magnon man created magnificent art. Intellectually, therefore, he 
was our equal. He differed from us only in his lack of knowledge. 
Thus, although salt eating did not change man intellectually but may 
have facilitated learning, it possibly was an important historical 
force. 

Are there, finally, any reasons why the physician and public-health 
worker should recommend a certain level of salt intake on the basis 
of present-day scientific knowledge? There is no question that there 
is a sound basis for the prescribing of low-salt diets in many diseases, 
particularly those involving tire circulatory system. When it comes 
to normal people, however, recommendations are infinitely more diffi¬ 
cult. It is certainly true that the ehemistry of the body does not re¬ 
quire the addition of salt to our food. The physician, however. Is not 
primarily interested in the mere metabolic processes but in the general 
welfare of his patients, and he should consider that the quickened pace 
of a more complicated society demands persons with a heightened re¬ 
sponsiveness. Salt may be one of the ingredients producing this 
effect 














Homan Garland Sarcophagi from the 
Quarries of Proconnesus (Marmara) 


By j. B- Waro Perkins 
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( With lb plates] 

Few objects of antiquity ha vs received more attention from the 
archeologist and the art historian than the rich series of sculptured 
Roman sarcophagi] dating from the second to fourth centuries, ex¬ 
amples of which, of varying degrees of refinement, can be seen in 
most of the museums of the western world, lhe literature is vast 
and scattered, dealing both with individual pieces and with groups 
classified by style, subject matter, or location* tor all its bulk, how - 
ever, this literature is curiously stereotyped. There are innumerable 
studies of these sarcophagi as documents for the history of Roman 
art; othsis, less numerous but equally fruitful, treating them as social 
documents, indicative of the status and beliefs of the persons buried 
in them. Little attention has, on the other hand, been paid to other 
more prosaic, but no less i mportan t, quest ions w liich they raise. lie re 
were they made, and by whom? How were they produced and dis¬ 
tributed ? What was the relation between sculptor and client? 

These are in themselves vital questions to anyone who wishes to 
study Roman sarcophagi in their proper setting, rather than as 
museum pieces, detached in time and space, and unrelated to t ie ives 
and aspirations of those who made them and used them. They arc, 
moreover, questions that need to be answered before one can hope to 
get a true picture of them either as works of art or as social documents* 
In studying, for example, the representation of a particular pagan 
myth, it is obviously essential both for the art historian and for the 
student of ancient beliefs to know whether any individual piece was 
created for a particular client, or whether it was a school piece, one 
of a group of standardized products, manufactured in quantity for 
sale in the open market. The point is an obvious one; but it is all too 

often ignored. . , 

In all this the student of Roman sarcophagi, as of so many other 
fields of classical antiquity, has been the victim of an attitude of 
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mind—that of generations of classical archeologists preoccupied above 
all with problems of style and stylistic attribution. It is true that in 
recent decades there has been a steady tendency to substitute for this 
predominantly esthetic approach one borrowed from archeology 
proper and based primarily on typology and systematic classification. 
The result has been a series of iconograpbic and regional studies, 
which have greatly advanced our knowledge of individual categories 
of sarcophagus, and have produced a valuable framework of reference 
for further research. But even studies such as these are, by definition 
and intent, limited in their approach; in very few cases have they 
taken into account the practical problems of output and distribution 
that conditioned the activities of sculptor and client alike. It is these 
that are the subject of the present article, as illustrated in an important 
group of second- and third-century sarcophagi, one of the finest of 
which is now at the Smitlisonian Institution. 

Tire sarcophagus at tire Smithsonian Institution is one of a pair 
that were acquired in Beirut, Lebanon, by Commodore Jessie B. 
Elliott, USN, and brought to the United States in 1839 aboard the 
U. S. S. Constitution. The circumstances of their discovery are not 
recorded; but from a study of the sarcophagi themselves it is evident 
that they were found together, presumably in some underground 
burial chamber in Beirut itself or in the immediate neighborhood; 
and that, although looted in antiquity, they had remained concealed 
and protected until very shortly before the time of their acquisition. 
On their arrival in the United States, Commodore Elliott presented 
one of them to the National Institute for use as a final resting place 
for the remains of President Andrew Jackson; its companion he 
presented to Girard College, near Philadelphia, as a tomb for its 
recently deceased founder, the distinguished philanthropist Stephen 
Girard (1750-1831), Neither was in fact put to its intended use. 
Jackson declined to be buried in a tomb which, he felt, would not be 
In keeping with his republican principles, and Commodore Elliott 
accordingly gave the National Institute permission to retain it as n 
historical relic. It was first exhibited at the Patent Office, and was 
turned over to the Smithsonian Institution in I860, where it now 
stands in front of the Arts and Industries Building. Its companion, 
after standing for many years in Girard College, was recently trans¬ 
ferred on permanent loan to Bym Mawr College, where it can now 
be seen in front of the deanery, dose to the entrance to the library (1),‘ 

The body and lid of the Smithsonian sarcophagus (pis. 1 and 2) 
are carved from single blocks of Greek marble, white, tinged with 
blue in more or less definite streaks, and of a uniform crystalline 


’Numbers In parentheses refer to antes at end of text. 
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structure, with medium-sized crystals. The body, which measures 
7 feet long by 3 feet 0 inches wide by 3 feet 1 inch high, is carved 
on all four faces, with moldings at top and bottom and, between them, 
a formal design of looped garlands, variously supported and enriched 
with small decorative motifs in the spaces above each loop. Tho 
massive gabled lid, with acroteria at the four corners and slightly 
irregular in shape, measuring 7 feet 4^4 inches (7 feet 5V£ inches) long 
by 3 feet 10 inches (3 feet lO 1 /* inches) wide by 2 feet l inch {2 feet 
inches) high, is carved only on the front and ends; it was fastened 
to the body with six iron cramps, sealed into place with lead. The 
contents of the sarcophagus were looted in antiquity through & hole 
cut in the upper part of the left-hand end, but apart from various 
clean breaks at the hack and ends it is otherwise intact and in good 
condition. Its companion at Bryn Mawr {pi. 3) ts of identical marble 
and carved to a very similar design. Its proportions are such that it 
appears rather less bulky than the Smithsonian sarcophagus, although 
the dimensions of the body are in fact slightly larger than those of 
its fellow (7 feet long by 3 feet 6 inches wide by 3 feet high) and 
those of the lid almost the same (7 feet 5 inches by 3 feet 10 inches by 
2 feet 2 inches). It, too, was looted in antiquity through a hole cut 
in the rear right corner of the lid, which the thieves evidently found 
too heavy to move, even although it had not been fastened with 
metal cramps; as it now stands, the lid has been placed back to 
front. Both sarcophagi have a panel reserved for an inscription, but 
only the Bryn Mawr sarcophagus was actually inscribed. The text, 
ivlia. c. fil. mamak vi x. ann. xxx (2), records that the sarcophagus 
contained the body of Julia Mamaen, daughter of Gains, who lived to 
the ag© of 30. The name, Julia Mam{m)nen, is the same as that of 
th© Syrian wife of Emperor Alexander Sevcrus {A. D. 217-235), 
who was murdered in Syria, and it is perhaps not altogether surprising 
that, when first found, the pair of sarcophagi were thought to be those 
of the imperial couple—a fact which no doubt helps to explain th© 
scruples of Andrew Jackson. In actual fact, although the date cannot 
be very far wrong, the purchasers of these sarcophagi must have been 
folk of much humbler standing; -Tulin Mamaea was probably the 
daughter of th© couple who were buried in the Smithsonian 
sarcophagus, whose names and style were no doubt prominently re¬ 
corded elsewhere in the mausoleum in which the pair of sarcophagi 
once stood. 

The two sarcophagi from Beirut belong to a distinctive group 
of sarcophagi which were quarried on the island of Marmara {the 
ancient Proconnesus) near the southern entrance to the sea of the 
some name, and which were exported over the greater part of the 
eastern Mediterranean. In antiquity, as later, the island was on© of 
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the principal sources of fine white marble. The earliest reference to 
this marble is a statement by Vitruvius (3) that king Mausolos of 
Halicarnassus, the builder of the fabulous Mausoleum* used it to 
veneer the walls of his palace, and it seems to have early acquired and 
to have long retained a reputation for quality among the cities of 
western and south western Asia Minor* where there are a number 
of inscriptions stipulating that a particular monument (in several 
cases the monument in question is a sarcophagus) is to be made of 
th is sped fic marble (4) P Despite its uni form gra in and fine translucent 
surface, it was never much in demand for statuary* no doubt on 
account of the difficulty of getting a large enough block that was 
free, from blue discoloration. But as a building material it was 
rivaled only by the Fentelic marble of Attica, This* the marble 
of the Parthenon, was in some respects a finer marble, but it had two 
serious difia dvantages: there were few beds from which it was possible 
to quarry really large blocks that were free from veins of impurities, 
which were both unsightly and a source of structural weakness j and 
the location of the quarries on Mount Pentelikon meant heavy initial 
expend iture from quarry to shipboard. Proconnesian marble suffered 
from neither disadvantage, and it must always have been considerably 
cheaper than its rival. 

These were not, of course, by any means the only Greek marbles 
of tliis type to be quarried, some of them virtually indistinguishable 
from Proconnesian both in quality and appearance. Few if any 
others, however, were exploited for more than local use* certainly 
none on a scale approaching that of the quarries of Proconnesus after 
the great expansion of production that took place during the first 
century A. IX The immediate result of the reestablishment of the 
Pax Rom ana by Augustus, and of the great imperial building pro- 
grains carried out both in the capital and increasingly, as time went 
on, in the provinces, had been to create an enormously increased de¬ 
mand for fine building materials. Augustus* well-known boast that 
he found Rome a city of brick and left it a city of marble had a solid 
foundation of truth; and although most of the marble of his own 
buildings came from the newly opened quarries of Luni (the modem 
Carrara), which remained for several centuries the principal source 
of supply for domestic Italian use, his successors made ever-increasing 
demands upon the supplies of finer-quality marble that were available 
in the provinces, principally in Greece and Asia Minor, although 
there were also important quarries in North Africa (“giallo antico") 
and Egypt (porphyries and granite). Already by the middle of the 
first century A. D* we begin to detect the impact of the new market 
on the traditional sources of supply. 
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As far as we can tell, the actual quarrying methods remained very 
much wlmt they had been before—what, indeed, they were to remain 
until the introduction in very recent times of machines for the ex¬ 
traction of the marble from the quarry face: marble working is in 
many respects a very conservative trade, and a visit to the quarries 
of Carrara can still teach one much about ancient techniques of ex¬ 
traction and transportation. What was new was a revolution in the 
scale and organization of production, and in the relations between 
producer and client, a revolution that was greatly facilitated by the 
fact that from the reign of Tiberius onward mines and quarries were, 
by law, imperial property. In Greek times normal practice seems to 
have been to quarry a particular consignment of marble for a par¬ 
ticular purpose, at any rate in the case of an order of any size. The 
Roman answer to the enormously increased demand was not only 
to open up large numbers of fresh quarry faces, but also to introduce 
what may not improperly be termed methods of mass production. 
Apart from such exceptional cases as the blocks for Trajan’s Column 
or the outsize columns used m some of the great Imperial monuments 
(e. g., the Pantheon), the marble was henceforward quarried in bulk 
to a variety of convenient shapes and sizes and held in stock against 
future orders (5). 

The principal evidence for the reorganization is to be found in the 
simple fact that at various times within the first century A- D. the 
marble from a limited number of Imperially owned quarries did begin 
to reach the foreign market in quite unprecedented quantities. There 
is, however, also the evidence of the quarry marks, carved or painted 
on individual blocks of marble, a large number of which have been 
found both in the quarries themselves and in the marble yards of the 
importing cities. These quarry marks consist normally of one or 
more serial numbers, very often accompanied by the name of a respon¬ 
sible official and a date, and they attest an elaborate system of account¬ 
ing, with individually numbered quarries and working faces and 
periodical stocktaking. The fact that individual blocks occasionally 
bear two different dates shows that they were liable to bo held in stock 
for considerable periods. 

The first and immediate result of this reorganization was to increase 
greatly the amount of fine marble available for building purposes. 
In Rome we can first detect the results with certainty during the reign 
of Nero (A. D. 54-68), and by the end of the century the trickle had 
become a flood. In the provinces the full results were not felt until 
rather later, not really before the second century. In Tripolitania, 
for example, an outlying and relatively unimportant area, the first 
large-scale importation of foreign marble took place during the reign 
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of Hadrian (A, B. 117-137), and it was not available in bulk until 
the middle of the second century. The impact, when it came, waa for 
that reason all the more striking. By the end of the second century 
there was hardly a major public building in Lcpcis Magna or Sabratha 
that had not been at least partially rebuilt in the new material. 

The effects were not, however, limited to the mere substitution of 
one material for another. The structural properties of marble dif¬ 
fered widely from those of the building stones available in many of the 
provinces to which it was now imported. This alone was bound to 
have an effect upon local architectural practices. There were, however, 
other and more far-reaching consequences. Once again, the case of 
Tripolitania will serve to illustrate what in varying degrees was 
happening in many other parts of the Roman world. Here the monu¬ 
mental architecture of the earlier Roman period, i. e,, down to the end 
of the first century A. D., was still a typically provincial architectu re, 
in that the classical models on which it was btused were often pro¬ 
foundly modified by local traditions, building practices, and materials. 
This local style finds no expression whatsoever in the marble archi¬ 
tecture that succeeded it. The constructional forms and ornament 
of the marble buildings of second-century Tripolitama have nothing 
to do with the previous architectural history of the province; they 
were those of the regions from which the marble itself was imported 
(with some admixture of motifs derived from the contemporary 
architecture of the capital), and it is quite evident that in this par-* 
titular case the shipments of partially prefabricated building ma¬ 
terials were accompanied by the establishment of workshops capable of 
carving and handling a material of which the local masons had had 
no previous experience. This was a somewhat extreme, but by no 
means unique, case. All over the Empire, even in Rome itself, we 
find evidence of the establishment of permanent or temporary work¬ 
shops, whose business it was to handle the consignments of marble 
from the great exporting quarries. What had happened was that, 
under conditions of widespread peace and commercial prosperity, 
it was the highly organized producer who captured the market; and, 
as is the rule in such cases, what had started as a practical reorgani¬ 
zation, designed to increase output, became in the event a powerful 
factor in shaping the development of architectural style and practice 
throughout the eastern, and over large parts of the central and 
western, Mediterranean. 

It is hardly surprising that the methods employed with such suc¬ 
cess in architecture should have been applied also to the manufacture 
of sarcophagi. Here we lack the evidence of inscriptions; but for¬ 
tunately that of the sarcophagi themselves ia quite explicit. The 
Italian quarries, which supplied the bulk of the marble used in the 
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workshops of the West, seem to have been content to produce rec¬ 
tangular, coffin-shaped blocks, without attempting to give them any 
more finished form. But the two other major centers of production 
for export, Attica and Proconnesus, both in varying degrees adopted 
the methods of pre fabrication that had proved so successful in the 
architectural market. In the case of the fine figured sarcophagi of 
Attica, examples of which were shipped all over the Mediterranean, 
it is clear that in a great many* very possibly in all, cases the figured 
designs were sketched on the sarcophagus in low relief before despatch. 
All that remained was for the carving to be completed on receipt, 
either by skilled workmen who accompanied an individual consign¬ 
ment, or by workshops established in the major receiving centers in 
the provinces (6)—an ingenious compromise, whereby the work¬ 
shops of Attica were able to make the fullest and most economical 
use of the local resources of skilled craftsmanship upon which the 
quality of their products ultimately depended, while at the same time 
avoiding the damage to fine detail that would certainly have taken 
place had these massive but fragile objects been shipped fully carved. 

The workshops of Pr&connesus were less ambitious, T hey adopted 
a system whereby the broad lines of the finished design were estab¬ 
lished before despatch, bat considerable latitude was left to the re¬ 
ceiving workshop as to the working-out of the design. In the case of 
one widely distributed scries, all that the quarry did was to shape the 
body and lid, the former as a plain rectangular trough, the latter to 
the roughed-out outline of a gable roof with acrotcria, just its we see 
it on the back and one end of the lid of the Smithsonian sarcophagus. 
Sarcophagi so shaped were widely used locally, in Thrace and north¬ 
western Asia Minor; and they were exported in large numbers to 
the Danube provinces and northern Italy, and as far afield as southern 
Franco (7), The advantage of this particular design was that It 
greatly reduced the weight, and therefore tlie cost, of transpoit, while 
leaving wide latitude to the importing workshop to develop the super¬ 
ficial ornament in accordance with local taste* 

The series to which the Smithsonian and the Bryn Mawr sarcophagi 
belong was more specialized* Here, in addition to shaping the lid, 
the quarry workshops also roughed out the body to the simple design 
illustrated on plate 4, figure 1, a sarcophagus now in the grounds of 
the American University at Beirut, There were minor variations 
from one sarcophagus to the next. The design might be carved on 
all four faces, or alternatively on three only, leaving the back plain; 
the central motif on the front might be a panel destined to carry an 
inscription or it might be just another circular boss, like those within 
the two flanking loops; or again, the upper molding might be omitted 
altogether, indicating presumably that the dimensions of the parent 
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block -were found to be insufficient. These were, however, minor var¬ 
iants within what was in practice a remarkably stereotyped design. 
And the fact that this design is found identically on the unworked 
faces of sarcophagi as widely scattered as in Asia Minor, in Syria, and 
in Egypt, leaves no room for doubt that it was carved before shipment. 

It was only on arrival at its destination that the sarcophagus was 
worked up into its final form. That, too, is proved beyond question, 
not only by the consistent differences that distinguished, for example, 
a sarcophagus found in Syria from one found in Egypt or Asia Minor, 
but also by the fact that the sculptor of the finished piece has very 
often been able to take into account the location of the sarcophagus 
within the tomb for which it was destined, and so to concentrate his 
attention upon those sides that would be most conspicuously visible 
after installation. One or more sides might be left rough, just as re¬ 
ceived from the quarry, and in certain extreme cases this is the only 
surviving indication that a particular sarcophagus belonged to the 
series in question. Such, for example, are a pair of fine sarcophagi 
from Tripoli, in Syria, now in the museum at Istanbul (8), tlie one 
showing on the front a woman reclining on a couch and attended by 
a slave girl, the other a figured scene from the story of Hippolytus and 
Phaedra, which is clearly inspired by the representations of the same 
scene on contemporary Attic sarcophagi. Tire marble of both, how¬ 
ever, is Proconnesian and the telltale garland design can still be seen 
roughed out, in the one case on the two ends, in the other on the back. 
They were found moreover, with a garland sarcophagus of unusual 
elaboration but otherwise conventional design (pi, 4, fig. 2) (9), and 
there can be no doubt that all three were shipped from Proconnesus 
as potential garland sarcophagi, roughed out in the usual manner. 

The three sarcophagi from Tripoli are exceptional, a shipment that 
found its way to a local workshop of unusually cosmopolitan tastes and 
competence. Normally the importing workshops seem to have been 
content to work within the limits imposed by the parent design. The 
garlands are supported by Victories or Cupids standing on bases or 
brackets, or by rams’ or bulls’ heads; the circular bosses above the 
garlands are worked up into human heads, or rosettes, or small birds; 
the garlands themselves are variously carved, with or without pendent 
bunches of grapes. By cutting a little deeper into the marble the 
sculptor could introduce secondary motifs in low relief, such as the 
ribbons which figure on many of the sarcophagi, trailing into the field 
above and below the garlands. Alternatively, he might simplify the 
design by leaving parts of it substantially uncarved, one of the com¬ 
monest of such simplifications being to treat the garlands as the plain, 
bolsterlike loops that figure on the Bryn Mawr sarcophagus. He 
might even be content merely to work over the original quarry design, 
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dressing and smoothing the surfaces, but making no attempt to add 
any tine detail. In an extreme case the sarcophagus might even be uset 
just as it was received from the quarry without any further rehne- 
ment, as In the case of the sarcophagus illustrated in plate 4, figure 
1. The range of possibilities was very wide, and we can rarely do 
more than guess at the reasons that lie behind the idiosyncrasies of 
a particular piece—economy, the shortage of competent local crafts¬ 
men, a sudden emergency, the taste of an individual sculptor or 
client. But such individual traits are no more than variations on 
a basic theme, a theme that was determined in broad outline by the 
form in which the sarcophagus was shipped from tlie quarry. 

How did this form first come to be adopted? T'his is one of the as 
yet unresolved problems connected with this series of sarcophagi, and 
we must be content to state such facts as do seem to be reasonably 
established. The dose similarities that exist between the more # n ■ 
orate of the finished pieces, wherever they are found, make it clear 
that the designs carved on them all derive from a sing o source^ 
either an actual individual sarcophagus or else a small group of 
very closely related pieces. The Smithsonian sarcophagus, with its 
wide repertory of figures {Victories, Cupids, bulls 1 beads, rams 
heads) and secondary motifs (Medusa heads, rosettes, bunches o 
grapes) contains nearly all the motifs that can be attributed to the 
archetype, and, allowing for certain differences of detailed treatment, 
it may well give a very good idea of its general appearance. How 
or why this particular iconogrephic scheme came to be adopted m 
the first place is another matter. The individual motifs are all such as 
would have been available to n sculptor working in northwestern 
Asia Minor in the early years of the second centuiy, and we may guess 
that garland sarcophagi of this sort were first produced for local use. 
If so, thev were not long in reaching a wider market. The earhes 
well-dated example is that of Cains Julius Celsus Polemaeanus, whose 
tomb chamber beneath the library at Ephesus was completed some¬ 
where about A. D. 135; and it cannot have been veiy long after this 
that the first sarcophagi of this sort were reaching Syria an 43 P 
and the cities of FamphyUa and Cilicia, in southern Asia Minor. 
These first examples must hare been accompanied by craftsmen w io 
set up workshops in certain favored centers, such as Alexandria, and 
who there established the pattern of the finished design in local 
usage. The practice of carving a simplified version of the garland 
design before shipment was probably adopted with an eye to those 
markets that were dependent on relatively unskilled local workshops 
(the -jiving in weightcan hardly have been a sufficient reason in itself); 
and tlve form of it may well have been suggested in the first place by 
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the way a sculptor would naturally lay out a pattern of this sort on the 
surface of the stone before starting work* 

Whatever the circumstances in which the type of the garland sar¬ 
cophagus was first established in the marble yards of Prooonnesus, 
there can be no doubt of its subsequent popularity, especially in the 
provinces of the eastern Mediterranean seaboard. Well over a hun¬ 
dred examples ate known from this area, and this can only be a 
tiny percentage of those that once lined its crowded cemeteries. Of 
the 30 recorded marble sarcophagi from Alexandria, 30 were of this 
type (10); and Professor Mansel's recent excavations in the cemeteries 
of Perge, in Pamphylia (11), are a vivid reminder of how much has 
been lost on other, less favored sites. Outside Egypt they are found 
principally in Syria and the coastlands of Asia Minor, in both of 
w'hich areas they constituted by far tbe largest single group of 
imports. They are not found at all in mainland Greece, and only 
a single example in Cyrenaica, where the Attic workshops seem to 
have secured a monopoly comparable to that of the Proconnesian 
workshops in Alexandria* In the West, the distribution was rather 
different. The plain gabled sarcophagi of Procormesus found a good 
market in northern Italy, and a few garland sarcophagi reached 
Rome itself* On the whole, however, the exporters of Proconnesus 
seem to have found it wiser to conform to Italian practice, and the 
very large quantities of Proconnesian marble that were used in the sar¬ 
cophagi of Italy and southern Gaul, and to a lesser extent in the other 
western provinces, seem to have been imported almost exclusively in 
plain form, without any prior shaping in the quarry workshops. 

To the art historian these sarcophagi have a value quite apart from 
the glimpse that they afford of the sculptor at work and of the factors 
that controlled his output. The essential unity of the series offers an 
invaluable connecting thread for the study of a whole range of other¬ 
wise disparate objects, scattered over territories whose detailed artistic 
development within the Roman period is still all too little known. The 
garland sarcophagi were not only imported; they were copied, and 
copied widely, by local craftsmen working in local materials. In the 
Syrian coastlands the commonest form of decorated sarcophagus in 
the Roman period is derived so closely from these imported marble 
models that their earliest commentator, mistaking the nature and di¬ 
rection of the relationship, was led to claim the garland sarcophagus 
as a specifics I ly Syrian creation (12). Nor was it only the more elabo¬ 
rately carved pieces that were copied* Local craftsmen found the 
simplified quarry version of the design both congenial and easy to copy, 
and it, too, passed into the local repertory—a remarkable and possibly 
unique instance of a purely abstract design passing into provincial 
Roman art from a purely classical source. Much the same thing hap- 
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pened in Egypt. In the Kom el-Shukafa catacomb, for example, we 
find the frontals of the grave recesses carved with garlands and rosettes, 
in obvious imitation of the familiar marble design (13); and at the 
same time we also find the local workshops producing aversion of 
the quarry design in a dark local stone, several examples of which can 
still be seen in Alexandria itself <H> and, by some unexplained twist 
of circumstances, two others in Ravenna, beside the church of San 
Vitale. In at least two cases it was not only the design that was 
copied but also something of the methods of producing it. At 
Ephesus, which had a good white marble of its own, there is a to 
series of garland sarcophagi which is barely distinguishable from those 
of Procormesus, and which may very well have been inspired in t 
first place by that of Tiberius Julius Celsus Polemaeanus, already re¬ 
ferred to as having been buried in a heroon beneath the bbrarythat 
bore his name. There is also a series of miniature sareoplingi based 
on the same model, and these were widely exported within Asia Mmor 
and even, in exceptional cases, abroad, to Athens and to Rome (M* 
So, too, in the region of Salome* a number of sarcophagi that are 
virtually indistinguishable from those of Froconnesus were enn 
in the coarse, grayish-white marble from the ^rby quarries of 
Thasos. Even in Italy, there can be very little doubt that t 
examples that were imported from Praconnesus bud an important 
influence on (and may even have originally inspired) the large __ 
varied Italian series of garland sarcophagi. In this case, Howeveir, 
it is difficult to be more precise until the latter have been more 

To the student of Roman funerary symbolism, the Proconnesian gar¬ 
land sarcophagi have little to offer. There is an important diStmdion 
(all too often disregarded by those who discus the history of relig ous 
ideas) between those symbols tlmt are consciously selected and used 
to convey a particular idea and those others whose use is determined 
mainly or even entirely by association and custom. 1 he motifs uted 
on the Proconnesinn sarcophagi fall decisively into the later ca ego }■ 
To the average purcltascr of one of these sarcophagi the message 
veyed by Sts ornament can have been little more profound than the 
cherubs and scrollwork on an eighteenth-centup tombstone. The 
fact that so many people were prepared and able to purchaso di^ 
U on the other hand, an interesting commentary on the distributer 
of wealth in the cities of the eastern provinces However economi- 
cally organised, the quarrying and transport of one of these J 
objects must have been a very heavy item in the budge of any pri¬ 
vate individual. It was probably this fact above all that gmi the 
procounesian quarries their advantage in the eastern Roman market. 
Produced in very large quantities and loaded almost directly on 
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shipboard, without any costly Jnnd transport, they must have been 
one of the cheapest items of their quality available. 

Rather than the artistic qualities or the social significance of these 
sarcophagi, however, it is the evidence which, in common with many 
other aspects of the marble trade, they yield of Roman economic or¬ 
ganization that makes them of particular interest to ourselves. They 
show that the methods of standardised production and prefabrication 
which we are apt to regard as a discovery peculiar to the present me¬ 
chanical age have ample precedent in antiquity. As so often when one 
comes to examine the detail of almost any aspect of Roman achieve¬ 
ment, one is brought vividly up against the fact of its essential 
modernity. 

NOTES 

1, For liifotMtlon about, and facilities for studying, these two sarcophagi 
the writer is indebted to the authorities of the institiiboM conrtroed; also, for 
much Tenable help, to Karl & Brown, Prof. Howard Comfort, Ferry F. Cott, 
Harold W, Parse ns, II, Henri !>eyrig P Prof. Lily Boss Taylor^ and Cornelius 
Vermeiile, 

- Corpus loserSptloaura Latinar«m p Hi, 1, lo* = 1SL, SnppL 1, 

a ii. 8 t 10; of, rvmy, Hist Nat, xxxvi, 47. 

4, Fur sarcophagi, toe Corpus laser! ptionum Graecarum, 32G8, 3282, tod 
Inacrlptloaoa Gratae ad lies Romanos Pertloentea, I401 + 1465 (all from 
Smyrna) ; Arif MUfld Mansell Excavations and researchesat Fcrge (TElrk Tarih 
Knrurnu Tarmlurlndna, se r . 5, No. 0),p4 p No. 4 (at Perga. In Famphylia), 1042, 
Ankara. 

5, For this reorganization see the article ‘THpolltanla and the Marble Trade 1 * 
cited In Bibliographical Nute,p. 407. 

ft See the article h The Hfppolytua Sarcophagus from Trlnqtietnllle Ha cited 
in Bibliographical Note p. 437. 

T. They are common, for example, In the come! cries of Aqutlela and Concordia. 
The example Illustrated In plate fl t ftirure 1 P ia Characteristic of those found Ln 
the cemeteries of Byxantiuin, (Constantinople), which were commonly i e ft rough, 
as receired from the cjnotry» with one or more small carved or inscribed panels 
cut In the principal fate. The two details of the same sarcophagus (pi. 6, figs- 
2 and 3) Illustrate very clearly the successive stages of dressing the marblet 
with a coarse punch* to shape the whole block; with a slightly floor punch, to 
rough out the righbhand panel (which for some reason was never fully carved) 
and to prepare a more level surface for the oaring or the lofc-hnud panel; 
with a claw chisel, for the triangular panels an cither side of the Inscription 
{the secondary surfaces of a sarcophagus were often left at this stage}; aud 
a smooth chisel for the carved detail. For a recent discussion of this group P 
see A. M. Matisel. Belleten, vol. 2l p p. 323 JT. 

& G. Mendel, Musses ImpdHaux Ottomans: eatable des sculptures grgcoucs 
romalnes et bysan tines, vol. 1, No. 26, pp. UXM14. 1912, and voL 3* No. 1170, 
pp, 412-414, 1014 . 

0. Ibid-, vol. 3, No. IIS9, pp. 397-300, 

10. Tho greater part of the Alexandrian series ha* been well, though not very 
accessibly, published hy K. Breccia in Le Mus£q Gr^co-romain (Municipality 
d T AJeinndrle> 1922^1923, pp. 10-19, 1021, Alexandria; see also subsequent vol- 
umes in the same series, variously titled, for the periods 1025-31 (Breccia) P 
1032-33 and 1935-30 (A- Adrian!}; and A. Bowe, Illustrated London News, June 
25,1949, p.893. 
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Il r See note S, above. 

12, B- MlcliOB. Syria, pp. 205-304, 1021. Cum® odors Elllptt's two BflrcopliBsi 
are presumably to bo Identified with Nos, 12 and 13 on Wk ton's list (from 
Beirut, present whereabouEs unknown }< 

IS. AJnu Howe, Kdm el-Skukafa (reprint from Bulletin de lu rojale 

d h archGol 0 gle d'Aleimiidrle, No, 35), 1G42, 

14. e, g., Breccia* elt* pi- Xlt, figs. £, 3. 

15l A. L, Flelrograndc, Nuova serte aslntioa dl uroe e dl pleeoli Aflrcofagi. 
BullcttLno del MmO dell'Impero Romano, vl f PP- 17-37, (api>eudiac to 

Bullettino della Commissions Archeologica del Com one dl Roma, Ixlll. 1035>- 

bibliographical note 

Tbe pioneer of a broader approach to sarcophagus Sandies vrae the late GerlmrE 
fiodmwalt whose article “Sarkophagproblenie" la Roernttche Mittellungen, 
toL G3 p pp. l-2fc p iS-43, sums op his own previous work and la by far Use best 
general statement of the whole problem (Abb, 7 aud B of this article Illustrate 
n Froconneslttii garland sarcophagus from Ylmlnacium on the Danube). An 
outstanding detailed atudy, In which a am All groap of sarcophagi found together 
In Rome are considered as documents both for tbe artistic development and for 
the beliefs of the period, is that of K. Lehman-Hartleben and E. C< Olsen, 
Dtooysiac sarcophagi In Baltimore, m2. Baltimore; for aareopbegt as docu- 
ments for the beliefs of their purchaser*, see further the works of Franz Cumoa t a 
pasalm, and Jocelyn Toynbee and John Ward PerkLnS, The shrine of SL Peter* 
chap. 4(h)* "Beliefs," lift# As examples of valuable resbml and ieouographk: 
surveys, one may cite C. R. aiorey t The sarcophagus of Claudia Antonia Sabina 
aud the Asiatic sarcophagi, Sardis, vol. ft p. 1. 11124, Princeton; M- Lawrence, 
Columnar sarcophagi In the Latin West, Art Bullet-lit, vol. 10, pp. 1—4 ,j 4 - 

Id., The sarcophagi of Ravenna, College Art Association of America, 5W5; 
Fernand Herndt, Sarcophagus paieodu^tlens d"Arles et do MnrielUe I supplement 
k Gallia* V) t the last-named author being one of the few' students to have 
appreciated the vital importance of Identifying the source of the material from 
which a sarcophagus Is made. 

Other articles by the presenl writer on the marble trade In Roman antiquityi 
the results of which are cited largely In the preceding paps. are Tripolitan!* 
and the marble trade, Journal of Roman Studies, voh 41. pp. Sfi-lfti, 1K51 (the 
organisation of bulk trade In marble for architectural purposes); and The 
nippoljrtus sarcophagus from Trinquetallle, ihid H voL 46 t pp. 10-10, I'D.(the 
carving and shipment of Attic sarcophagi). 
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Stone Age Skull Surgery: 

A General Review, with Emphasis 
on the New World 


By T. D + Stewart 

Curator, Division of Physical Anthr&pofogy 
United States National Museum 


tWltti 10 put«] 

Nearly a cEJJTtJRT has elapsed since anthropologists first realised 
that Stone Age men practiced operations on the living human head- 
operations which sometimes were spectacular and often were success* 
ful. This came about as a result of a trip to Peru in 1863-65 by 
E. Gh Squier, the American diplomat-anthropologist, While in Cuzco 
Squicr obtained part of a human skull that had a rectangular opening 
in the forehead made by canoe-shaped cuts crossing one another in 
a tick-tack-toe pattern (fig. 1). Not having seen such a thing before 
and wondering whether the opening could have been made in life, 
Squier sought the opinion of Paul Broca, the lending French physical 
anthropologist of the day. The latter saw signs of infection in the 
porosity of the surrounding bone and therefore declared (1867) that 
this Peruvian Indian had lived about 15 days after his operation. 
Although the present writer raised doubts recently <1656) about the 
accuracy of Broca’s interpretation in this instance, this belated ciiti. 
cism did not negate the fact that discoveries of many specimens during 
the 1870’s and lSSU’s in both the Old and New Worlds had confirmed 
the antiquity of skull surgery. These discoveries also had told much 
about how and why the operations were practiced so commonly and 
so widely. 

Two cases little publicized heretofore bear witness to the spectacular 
nature of skull surgery (trephining or trepanning) as practiced in the 
New World (pis. 1 and 2). One of these, like Squier's case, comes 
from Cuzco but differs in showing 7 healed circular openings (the 
largest number previously reported is 5—MacCurdy. 1923). Very 
likely this individual had undergone seven separata successful oper¬ 
ations. The other case is a mummy from Utcubamba, probably in the 

400 
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Central Highlands (Vidal Seu^ze, 1877) , and shows a large unhealed 
circular opening in the left parietooccipital region made by the drilb 
ing techniquej a somewhat uncommon procedure. Although larger 
openings made by other techniques have been reported, this one seems 
to be the largest made in this way. It should be noted also that 
the appearance of the opening in the scalp indicates that the opera¬ 
tion was made in life. However, since the bone gives evidence of 
being unhealed, the operation, as the saying goes, was successful, 
but the patient died. 

The writer’s contribution to this subject, mentioned above, is based 
on a series of 75 Peruvian skulls in the United States National 
Museum—many previously undescribed—and introduces the idea that 
evidence has been preserved regarding the nature of the incisions 
made through the scalp to expose the bone for trephining* Involved 
in this new addition to our knowledge of an ancient practice Is a dif¬ 
ferent way of looking at skulls that have been operated upon. The 
nature of the reorientation will be explained later and here it will be 
mentioned only that the rarity of specimens filling in certain parts 
of the surgical picture led the writer to seek verification in other unde- 
scribed collections. His quest took him first to the American Museum 
of Natural History in New York where he was enabled to study 23 
skulls with artificial openings collected in the region of Lake Titicaca 
in the 1800’s by A + F. Bandolier, and them to the Peabody Museum, 
Harvard University, where he studied 102 such skulls collected in the 
Central Highlands of Peru prior to 1012 by Julio Tello, Subse¬ 
quently the writer saw a few more specimens at the British Museum 
(Natural History) in London and at the Musee dc 1’Homme in Paris. 
For courtesies received at these institutions lie is indebted especially 
to Dr, Harry L, Shapiro, Dr. W. Howells, Dr. Kenneth Oakley, and 
Dr, Henry V. VaJloIs, respectively. 

The present paper will give a broad summary of skull surgery as 
practiced in ancient times and among certain recent people still having 
a Stone Age culture. In the part dealing with the New World some 
of the new observations on the collections mentioned above will be pre¬ 
sented. In addition, some new observations on putative examples of 
trephining from North America will be presented. 

DISTRIBUTION 

Europe. The publicity that Broca gave to Squiers trephined skull 
from Peru led soon to the recognition of skulls showing evidence of 
surgery from the Neolithic period in France. It began with Pru- 
ni&n*s 3 report of 1873 (1874) of such specimens from the dolmens of 
Lozire in southern France and was followed by Broca’s (1876) expla¬ 
nation of the perforations and the often accompanying rondels or 
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amulets of bone, and still later by Manouvrier’a (1395) recognition of 
the nature of the “sincipital T"—a cross-shaped scarring of the skull 
vault resulting from cauterization—to mention only landmarks in the 
resulting extensive literature for Europe. Fortunately, it is no longer 
necessary to go back to this literature for answers to many of the 
questions that come to mind, because Piggott (1940) has summarized 
and interpreted the record in an admirable fashion. He has also 
listed most of the references for this area. 



Figwr 1.—Squier't fimou! Cusco tkull, tie fim rrcogriiMd case oi prehuicric trephining. 

(Sqyier, 1B77, p, 457.) 

In brief, some 370 examples of the practice have been reported from 
the whole of prehistoric Europe, from Portugal in the southwest to 
Sweden in the northeast, and from England in the northwest to Czecho¬ 
slovakia in the southeast (fig. 2). In time they renga from about 
3000 to 200 B. C- Judging from the concentrations of specimens and 
from archeological considerations, it would appear that a major surgi¬ 
cal center developed in southern France about 1900—1500 B. C. and this 
led—perhaps through a cult—to the formation in lato fueolithic times 
of a secondary center in the Paris area and also to much of the wide 
distribution noted. Very likely the ancient custom can be connected 
directly with the beginnings of modem European surgery. 

Pacific. _It is not clear just when knowledge of the practice of skull 

surgery in the South Pacific reached the western world. In France 

4B1SWJ—G*.->1 
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Ifamy already knew about it in 1874 when Sanson summarized an 
article on the subject from the Medical Times for the Anthropological 
Society of Paris. Flamy could add that in his opinion the perforations 
made by the South Sea surgeons differed considerably from those 
made by Neolithic man in France. Thus, although the existence of 
the practice in the Pacific may hare been known in Europe for some 



F«5f*e 2.—Map of Europe ihowing 98 «it« from which nine 200 trephined ifcu’Ji have 
been reported. (Modified from Piggou, 19*0, p, 117, fig. 2.) 
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time, the fact that it was still continuing In this remote area seems to 
have been overshadowed by the current discoveries in Europe concern¬ 
ing the antiquity of the practice. Also, actual examples of trephining 
from the Pacific were slow in reaching Europe. In 1875 Lesson sent 
to Topinard some surgical instruments, said to lie for trephining, 
which he had collected in Tahiti, b ut not until 1870 does it appear that 
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the Anthropological Society of Faria received a trephined skull—In 
this case from New Caledonia. (See Bull. $oc. Anthrop. Paris, 3* 061 %, 
vol. 2 , p. TI9 h} 

Among the best summaries of the literature on skull surgery in the 
Pacific area are those by Wolf cl {1925), Ford (1937), and Heyerdahl 
(1D52). From these and other sources it appears that the practice 
centered mainly in Melanesia, particularly m the Gazelle Peninsula 
of New Britain, in the southern part of New Ireland and certain out¬ 
lying islands, in New Caledonia, and in the Loyalty Group (fig. 3), 



FBOpn 1—Map of Mekit&U ihowing the bland graup* where a primitive type of ikull 
surgery wai practiced in recent times- (Modified from Ford, 19 ju\, p. 4^5^ &S l 1-) 

When we consider how much study has been devoted to Polynesia, 
the actual evidence for the existence of the practice there seems 
strangely disproportionate to the rumors. Heyerdahl (19o2) made a 
special study of this and many other cultural features in developing 
the thesis of east-west transpacific migrations in prehistoric times. 
Except for three trephined skulls in museum collections (one each 
from the Marquesas, the Tuamotus, and New Zealand), his assembled 
evidence is largely hearsay. The skull from New Zealand (W olfel, 
1025) is suspect because it is grossly pathological (syphilis)»and proof 
is not yet forthcoming that syphilitic gumnmta cannot leave healed 
openings resembling trephine openings in the skull. Doubts arise 
also from certain seeming errors in reporting. For example, W olfel 
points out (p. 13} that Turner (1SS4) may have mistaken the name of 
the island Uvea (or Uea) In the Loyalty Group for the island with the 





474 ANNUAL REPORT SMITHSONIAN INSTTTUTIQN, 195? 

same name near Samoa and thus moved the practice far from its real 
setting. As for the surgical instruments from Tahiti sent to Topinard 
in 1375, referred to abo^e, Topinard frankly admitted that he did not 
believe they were used exclusively for trephining and suggested that 
they might have been used for scarification, lancing, etc. Thus it is 
not easy to say whether Heyerdahl is correct when he concludes: 

W"e have ample evidence to stlEEcst that the Peruviana brought trepanning and 
its associates down-wind Into the Pacific at ad early period when Polynesia was 
Btiil virgin land. The strongest evidence baa survived on both sides of Poly¬ 
nesia, but although this latter Intervening area has later been overrun by n not her 
Immi gr ant stream, some islands , . . present sufficient evidence to show that 
the trepanation bridge formerly spanned the whole water from the coast of Peru 
to the islands In Melanesia, {P. 665,} 

Nothing is known about time depth for the practice of skull surgery 
iu the Pacific- The reliable records consist either of eyewitness ac¬ 
counts or actual skulls which had been operated upon in recent times. 
Even these skulls seem to be few in number, totaling, so far as can be 
judged from the literature, scarcely 100. 

South America .—-Following Squifcr T s discovery of the first trephined 
skull in Peru, a long time elapsed before much more became known 
about skull surgery in South America. The next specimen to receive 
publicity was from Chaclacayo, near Lima, Peru (Mason, 1885J. 1 
Surprisingly, in this case the opening in the forehead was said to have 
been made after death and it was stated further that all ^examples of 
aboriginal trephining in America were more than probably post 
mortem^ (p. 411)* Doubtless this erroneous opinion reflects the con¬ 
troversy then in progress regarding certain North American skull® 
cut post mortem to obtain amulets (Fletcher, 133S; Gi liman, 1376, 
1885)* 

Not until 1897, when the Smithsonian Institution published the 
classic monograph by Munis and McGee on Peruvian trephining, did 
Ihe world learn much more about the practice in Pena, Even after 
this, important contributions to the subject wfere alow in appearing 
(Tello, 1913; MacCurdy, 1923; Quevedo, 1943; Weiss, 1949; Grana 
et ah, 19&4), Yet it appears now that more trephined skulb have been 
found in Peru than in all the rest of the world together* If to this 
number are added skulls showing other types of surgical intervention, 
probably the total approaches 1,900. 

Although Peru doubtless was the surgical center of South America, 
the practice was restricted largely to the. central and southern parts 

1 Originally cataloged as No. 75961 In tbe Division of Ethnology, U. 3, National 
Museum, it wtta subsequently transferred to the Army Medical Museum ^now 
Medical Museum of jbe Armed Farces Institute of Pathology) where St now 
betlt AFIP No. 2S790L 
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of that country and to the neighboring part of Bolivia in the region 
of Titicaca. Within this general area, as in Europe and Melanesia, 
the surgical specimens have been found concentrated in certain 
places—for example, around Huarochirl in the Central Highlands,* 
at Paracas on the Southern Coast, and around Cuzco in the Southern 
Highlands. Very likely these concentrations reflect cultural patterns 
(Weiss, 1053). 

The oldest skulls from Peru showing artificial openings or areas 
with the outer table scraped away probably are those from Paracas 
(ea. fifth century B. C. to fifth century A. D.). However, it is not 
clear that the Paracas specimens represent a surgical practice for 
therapeutic purposes. Although Tello states that bone regencrat ion is 
present in some cases (Stewart, 1&43), in all those seen by the writer 
the cuts looked fresh. Perhaps, therefore, the trephined skulls of 
Paracas represent a phase of the locally well-developed head-trophy 
cult rather than true surgery. Elsewhere in Peru the custom appears 
to be much later, and even associated with the rise of the Incas. 

Bolivian, and possibly also Peruvian, Indians continued to operate 
on living heads into post-Columbian times (Bandolier, 1004). How¬ 
ever, very little reliable information has been recorded by eyewitnesses. 
A few pottery jars ornamented with representations of surgical scenes 
have been found (Morales Macedo, 1017; Velez Lopez, 1M0), but 
these add little to our knowledge of the practice. 11 should be added, 
also, that on at least two occasions present-day Peruvian surgeons 
have operated on living heads with primitive implements obtained 
from ancient sites (personal communication from Sergio A. Qucvedo 
in 1944; Grafia ct al., 1954). Since the ancient skulls had already 
proved that the operation could be accomplished by the use of such 
tools, it is difficult to understand why these additional demonstrations 
undertakers- 

North America —Evidence for the practice of skull surgery in the 
New World outside of Peru has not been summarized recently and 
hence deserves extended consideration here. Reference w as made 
above to Gillman’s early descriptions of skulls with artificial openings 
from the State of Michigan in the United States. These cases u$u ally 
have a small circular opening in the mid line near bregma. In 15'ji’ 
Hinsdale and Grcenman showed that the distribution of such skulls 
includes the regions adjoining the State on the south and east- A ' 
though it was claimed almost from the beginning (Gillman, 1376) 
that these openings were made post mortem and were probably m- 


*The collections obtained by HrdUCkft in 1010 nod 1812 for the Ij. S ISatLoaal 
Museum and the Sau Diego Museum, and the collections obtained by Tello before 
uml after 1&12 and now Id the Peabody Mttaenm (narrardl and the Mu*eo 
National d’AMrupolegla la Llica, respect! Tdj* are malmlj from this area- 
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tended for suspending the skulls, Hinsdale (1924) has claimed that 
one of them is an example of “real trephining” and that “the edges of 
the opening show unmistakable evidence of a well-advanced healing 
process, which could have gone on only during life” (p. 13). HrdliCka 
(1939) agreed with Hinsdale, as might have been expected, since he 
was one of the first to report a case of trephining from North America 
(Lumholtx and ITrdlb'ka, 1897). Indeed, Hrdlifka seems to have 
seen in many skull perforations, and even in some shadow depressions 
in the skull vault (Anonymous, 1935), widespread evidence of the prac¬ 
tice of skull surgery. These and other cases, totaling 17, that have 
come to the writers attention in the literature, are listed chronologi¬ 
cally in table l. s 

Now, obviously, IT (or 19, when Romero’s other cases are included) 
is not an impressive number of cases of trephining to have been as¬ 
sembled in 60 years from the vast area stretching from Mexico to 
Alaska and across the United States from coast to coast. One is in¬ 
clined to wonder, too, why only two cases have turned up in the South¬ 
west among a)1 the hundreds of skulls found there. On this point the 
writer noted in 1940, in presenting the case from Maryland, listed in 
table 1 (pi. 3), that— 

tHJs one La perhaps tie most convincing example off 1 trephining! yet found In the 
northern continent. Yet as an example of primitive surgery it is singularly 
isolated among the hundreds of skulls from this site, ft would seem unreasonable 
to expect such a successful end result on a first attempt nt cranial surgery, but 
according to modem pathological knowledge no other diagnosis fits as well. 
(F. 10.) 

It is difficult to describe the feeling of dissatisfaction with the evi¬ 
dence and arguments which one gains in reading the individual reports 
and in examining the accompanying illustrations. Some of the cases 
undoubtedly represent old healed injuries in which there was no 
surgical intervention; others are fresh openings which, since they 
could have been made after death, do not prove the existence of sur¬ 
gery in the real sense. Only two or three loot anything like what is 
often seen in Peruvian specimens. 

Twenty years ago the writer reexamined the first three cases from 
British Columbia listed in table 1. In none of these cases had objec¬ 
tive proof of the findings, in the form of photomicrographs, been 
given. Herewith (pis, 4~S) this deficiency Is corrected. Inspection 
of these plates should convince anyone that, with the exception of the 
larger opening in the Ebume skul1> evidence of healing is lacking or 

■In a paper read at tbe reunion of the Mesa Redoada of the Mexican Anthro¬ 
pological Society La Oaxaca In September 1Q5T K Javier Romero stimmarteed five 
caacs of trephining from Monte Allriti, including one case from the Mlxtcca and 
presumably ibe three cases listed here. Wheu this paper Is published, two more 
cases can be added to those la table L 
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very doubtful. Histological study is needed here, as well as in some 
of the other cases* to distinguish true healing from the surface smooth¬ 
ing resulting from a cord passing through the opening. 

From all these considerations the writer is inclined to be skeptical 
about most of the cases cited being examples of real trephining. Al¬ 
though healed openings such as occur in the Ebume and Ac cokeck 
skulls look real, their isolation in large skull collections argues strongly 
in favor of a natural process rather than surgery. Especially signifi¬ 
cant is the absence of cases showing bone infection around the opening 
or, in other words, showing survival for a short time following an 
operation in life.* 

Africa ^—The practice of skull surgery is not known to be represented 
in the whole of the continent of Africa, except at two points very close 
to western Europe: (!) Among the Kabyles in the Djebel Aounis 
(Mount Aurfcs), in the province of Constantine, in Algeria (Malbot 
and Verneau, 1S97); and (2) on the island of Tenerife in the Canaries 
(Beattie, 1930), In Algeria, where Urn practice has persisted into 
modem times, trephined skulls have been found in archeological set¬ 
tings antedating Koman times. How much further back in time the 
custom goes, and whether it is entirely independent of Europe, is not 
known* In Tenerife the existence of the custom is known from at 
least 11 trephined specimens of uncertain ag^ and probably over 30 
other* with bregmatic scars possibly indicating cauterization * 

Brennan (1937) has tried ‘To demonstrate that the trepanation cult 
was also practiced in a primitive form by the Bushman race in South 
Africa* However, his examples are not impressive, and look more 
like healed wounds than surgery. 

Asia,—In 1897 Zaborowski reported to the Anthropological Society 
of Paris that the inhabitants of Dagestan, just west of the Caspian 
Sea, practiced a form of cauterization of the vertex of the head, some¬ 
what like the sincipital T, in order to prevent illness. According to 
Quiard (1930), these people also practiced trephining for all sorts 
of circumstances as late as the end of the nineteenth century. Whether 
the practices here connect back with that of the ft edit hie period i n 
Europe is unknown. 

For a long time Dagestan was the only place where skull surgery 
was known to have existed in Asia. Then in 193S Starkey :itid Parry 
reported the recovery of three trephined skulls from a seventh-century 
B. C. ossuary at Tell Du weir in Palestine. Amazingly, two of the 


4 Tli* writer has a picture of th* first female skull frotu 
shows a sinuous excavation surrounding the circular, steep-sided 
specimen need* to he examined again to ** *»•»« this lies 
infection following operation. If Indeed inf fiction, t e 1(W , . _ 

would have considerable time depth in Meslco—at least to .00-1000 . 




Tap Us l .—Caata of putative trephining from North A mtrien (listed in dironologicjd ordor) 
Shull | Smf leal area 
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artificial openings had been made in the same rectangular fashion as 
tiifit in the original Squicr specimen (fig. 1)* Since there are indica¬ 
tions of osteitis about one of these rectangular openings, probably the 
individual briefly survived hb operation* The third ease probably 
represents a healed decompressed fracture. It is noteworthy also that 
all three Palestine cases were culled from a collection of several hun¬ 
dred skulls, which suggests that skull surgery was not practiced very 
often in this locality. 

MOTIVES FOR OPERATING 

A skull which has been operated upon seldom by itself tells why the 
operation was undertaken. It is owing to this fact that most explan a- 
tions of primitive skull surgery include the word U thaumaturgy 1? — 
magic, from the Greek word for wonderworking. Doubtless a large 
element of mysticism became involved in such operations in the 
course of time, but whether or not it led to, or grew out of, a therapeutic 
measure, is debatable. For example, McGee (1807), evidently in¬ 
fluenced by the discoveries in Europe and North America of amulets 
and human skulls cut post mortem, maintained that ^trephining 
begun , . , and was performed after death for the purpose of obtain¬ 
ing amulets. It■ * . * was gradually extended to living captives for 
the same vicarious purpose/ 5 (R 72 ) From this beginning McGee 
saw the procedure tied in more and more with ^incantations . , , ac¬ 
companied by medication or manipulation/ 1 Then, according to this 
reconstruction of events, whenever the procedure proved beneficial, 
an otherwise aimless operation tended to grow into empiric surgery. 
Other writers on this subject, who have not been impressed by tbe 
role of amulet collecting, have felt that traumatic and/or pathological 
indications requiring therapy first induced primitive man to cut into 
the head* Tello (1913) listed four such indications, foremost of 
which was fracture of the skull. On the other hand, Ford (1937), 
speaking for Melanesia, where, as in Peru, warfare resulted in many 
skull fractures, reconstructs events as follows: 

The operation was undertaken for the Immediate treatment of traumatic 
cranial Injuries, and la certain areas Its performance was extended to the treat- 
meat of nvere headache nml other ailment*, nnd as a prophylactic metis ore, in 
rhlMren, agaluat the occurrence of mch affections in sub^iletH life. (p. 471.) 

Besides cutting through the skull, primitive surgeons m certain 
areas, as we have seen, produced extensive scars on the skull vault, 
some of them in the form of a cross (sincipital T). So far as Europe 
is concerned, the nature of this practice fs clear from surviving 
medieval medical records (MacCurdy, 1905): chemical or thermal 
cauterization was applied as a counterirritant in cases of dementia 
and epilepsy. This does not mean that any large bone scar need be 


STONE AGE SKULL, SURGERY—STEWART 


4S1 


interpreted as having been caused by cauterization, as Moodic (1021) 
and Weiss (1955) seem to imply. Any damage to the scalp leading to 
loss of blood supply to tlie bone followed by osteitis can end in bone 
scarring (Stewart, 1950), 

From these considerations it is understandable that similar appear¬ 
ances of perforated and scarred skulls from widely scattered places 
may hide variations in surgical motivations. Almost certainly the 
alleviation of pressure on the brain caused by skull fracture was the 
most frequent reason for the operation in Pern and Melanesia; it may 
have been the reason less frequently in Europe. Probably in Peru, as 
in Melanesia, the operation was undertaken for additional reasons, 
otherwise it is difficult to explain why the individual whose skull is 
shown on plate 1 would have had his head opened seven times. Just 
what these reasons were in Pern, whether headaches, epilepsy, or 


dementia, is not known. 

Operations on the head to obtain rondels or amulets seem to have 
been restricted mainly to Europe, These round pieces of skull, often 
polished and sometimes perforated for suspension, have been found in 
burials there and sometimes accompanying surgically opened skulls. 
In these European examples apparently it was important that the 
rondel include a bit of healed edge from a previous operation, thus 
assuring to the possessor some quality connected with the operation. 
Judging from certain European skulls in which signs of altered growth 
accompany healed openings, Broca (1876) concluded that the operation 
often was made in infancy. Perhaps, therefore, the prac ice was 
somewhat computable to that in Melanesia where, accor tog io ok 
( 1937), women cut openings through the foreheads of some of Hie 
children, 3 to 5 years of age, to ward off future trouble from trauma, 
in other words,'the European custom may have been an extension of a 
surgical procedure from therapy to prophylaxis. v 

The Peruvians also operated on children. The United b rates Na¬ 
tional Museum collection includes the skulls of three children close 
to 6 years of age and three near 12 years of age. Only two of these, 
including an incomplete specimen, lack a clear sigu o racture. 
The Tello collection at Peabody Museum, Harvard University, in¬ 
cludes the skulls of 4 children close to 0 years of ago and 11 around 
12 years of age (another lacks the face and hence the ago is uncer¬ 
tain). Signs of fracture are evident in seven of these. I la o 


Me 15S3 Thomas WUson. thaa curator of prehisto ric 
National Museum, prepared an extensive tnomiser p on rh ‘ _ , 

Skulls," tv lilt'll Includes summaries o£ most of the E, ' r " p ™ n 1 j 

Wilson had seen many of the original specimens and had even J, ^ ^ 
some of them. This manuscript, which la now in the division of physical anth™ 
pclogy, baa been of help in prepFirlns; tbe present paper. 
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(tipper left} shoe's the skull of a child, whose permanent first molars 
were just beginning to erupt, in which two trephine openings are 
visible, but no sign of fracture, unless it be the little crack in the tem¬ 
poral squama extending down from the smaller opening. This is 
an example of how difficult it is sometimes to find the surgical 
motivation. 

SURGICAL TECHNIQUES 

The striking feature about 3quier*s Cuzco skull, as mentioned in 
the beginning, is the rectangular pattern of canoe-shaped cuts (fig* I). 
Only three skulls with cuts of this type are known outside of Peru — 
one from France and two from Palestine, In Peru such skulls have 
teen found mainly in the Central Highlands. By their nature these 
cuts are deeper at the middle than at either end and hence when they 
penetrate the skull in a rectangular pattern the piece of bone that is 
freed is much smaller than the total area involved in the cutting. 
Tliis means that the primitive surgeon who used this technique had to 
cut the scalp in such a way as to expose much more of the skull vault 
than he intended to open. One of the dangers here was that the large 
area of exposed bone would lose the blood supply normally received 
through the scalp and that the ischemic bo m would become infected. 
Obviously, them the ancient surgeons in Peru and elsewhere who 
operated in this way were using a technically unsound procedure. 

Just as obviously the technique used in cutting the seven holes in 
the skull shown in plate 1 must have been efficient; it enabled the indi¬ 
vidual to survive each successive operation with a minimum of post¬ 
operative bone scarring. When circular holes were to be made, ap¬ 
parently very little more scalp was removed or turned back than was 
needed for the opening in the bone. Other examples show that the 
bone was cut and/or scraped in a circular fashion so as to produce 
a beveled edge. It is not clear how often a button of bone was re¬ 
moved or how often the bone simply was scraped away over the whole 
area of the opening. In general, this technique, with one or other of 
its variants, was favored wherever trephining was practiced in an¬ 
cient times. 

Trephining by drilling small holes in a circular pattern and then 
cutting the slender connections between them, as illustrated in plate 2, 
probably was not practiced outside of Peru and only occasionally in 
Peru, Failure to use this technique more often may have been due 
to fear that the tip of the drill would damage the brain. 

In making their incisions through the scalp and in effecting an 
opening in the skull, without the use of general anesthetics, primitive 
surgeons relied on the sharp edges of flaked stones, especially flint and 
obsidian. In Melanesia the shares tooth also was used as a cutting 
instrument, When metals be&ime available they were made into 
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surgical tools, but for a long time these new tools lacked the neces¬ 
sary hardness and sharpness. Probably accessory objects of perish¬ 
able materials, such as wood, cloth, etc., were used also, but little, if 
anything, is known about them, except in areas where the practice has 

^Like the surgeons’ implements of perishable materials, the soft 
parts covering the prehistoric skulls have disappeared where they 
have not mummified. On page 4T0 the writer mentioned his earlier 
demonstration of the fact that the extent of the openings of the scalp 
made by ancient Peruvian surgeons prior to opening the skull some¬ 
times is still imprinted, so to speak, on the bone (mainly in connection 
with rectangular trephine openings). This record is due to the fact 
that in Peru the surgeons often removed the scalp completely orer 
the area where they planned to trephine, and in so doing they made 
their incisions in an angular pattern so that the opening in the scalp 
had three to five or more sides (but commonly only four). The im¬ 
printing of this event on a skull could come about in several ways; 
Postoperative bone infection could begin at the margins of the wound 
where the blood supply was cut off and gradually undermine the 
exposed outer table; or the infection could clear up and new hone 
form with a pattern of scarring conforming to the preceding pat¬ 
tern of infection; or, in the event the patient died during the opera¬ 
tion, the soft parts could mummify, leaving the bone espied by the 
surgeon to be discolored differently from that co\ero< >\ sea P 
(either darkened by chemical dyes or bleached by sunlight). Hates 
9 and 10 illustrate clearly these alternatives {see also figs. 3 and o in 
Stewart, 1956). No longer is it sufficient to look at the trephine 
openings alone; all the surrounding bone must be inspected for clues 
as to what happened. For example, plate 0, lower left, shows one of 
many cases of surgery on the forehead in which. the incisions ^reugh 
the scalp were in a diamond-shape pattern with long a«s 
anteroposteriorly. Probably this shows a knowledge of the tensions 

“lbUnfairly large number of Peruvian cases where death occurred 
during or immediately after the trephining, and the soft jute did 
not mummify, there is, of course, no way of knowing the sizeoftho 
opening in the scalp. However, accidental cut murks on the bone 
beyond the limits of the opening sometimes suggest where the sc. p 
incisions were placed. Again, in the fn!r y arge num r _ _ 

where bone healing followed trephining wi ou ea' iiu. . - 
ring and certainly no angular pattern of ^ornng it is MnedM 
the edge of the scalp opening was near the e pe ° 6 ■ 

tone, or possibly small scalp flaps were replaced over th ®^ emn £ 
Perhaps such a technique was used in Europe in J? 

Melanesia the skin flaps were replaced and then stitched (F , 
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Nothing is known about the postoperative care of the surgical area 
in prehistoric times. It is sometimes stated that a shell or metal disk 
was placed over the hole in the skull, but there is no good evidence of 
this practice- Hrdlicka (1930) illustrated a partly mummified head 
from the Nasca region of Peru with what he interpreted as a surgical 
bandage still in place over the rear parts. However, X-rays now show 
that this head had not been trephined and nothing else about the head 
itself suggests that this so-called bandage was connected with a surgi¬ 
cal procedure. On the other hand, the writer has presented arguments 
(195ft) supporting the possibility that the patterns of osteitis and 
bone scarring to which he has called attention (see also pis. 9 and IQ) 
were due to chemical irritants used in postoperative treatments. In 
spite of this, the writer is inclined to favor septic osteitis rather than 
chemical osteitis as the explanation of these features. 

In contrast to the paucity of information on postoperative pro¬ 
cedures in ancient times, numerous observations made directly on 
patients have been reported from Melanesia. From the data which 
Ford (1937) has assembled it seems that in the Gazelle Peninsula “the 
hole formed at operation was plugged with a piece of native bark 
cloth. Here also it is reported that “before tho scalp flaps were re¬ 
placed the opening in the skull was covered with a piece of the inner 
bark or inside leaf of the banana palm, which had been held for a 
short time over the coals of a fire.” In the Loyalty Islands cocoanut 
shell was used instead of bark. In these islands also “The scalp was 
stitched with a needle made from the wingbone of a flying fox, and 
some of their own twine, which is fine and strong; 1 And finally, after 
the scalp flaps were replaced, it was the custom in the Duke of York 
Group (north of New Britain), to bind the head with sun-dried strips 
from the banana stalk. Ford adds (p. 47-i) that “the water of the 
unripe cocoanut was used to wash the wound, and, in some cases, the 
hands of the operater» This, since sterilization by heat was not under¬ 
stood, provided the only relatively bacteria-free fluid available.” This 
pieeed-tegether picture of postoperative procedures may approximate 
a custom that was common throughout Melanesia. 

Ford implies that when the fracture cases were operated on the 
patients were unconscious. This may have been true of most cases 
of this sort everywhere. Even in Peru, where the cocoa leaf was 
chewed for its narcotic effect, it is not certain how far this principle 
was applied as a part of the surgical procedure. 

SITES OF OPERATION 

No part of the skull vault was immune to surgery, although naturally 
the primitive surgeons did not go veiy deep under the temporal and 
occipital muscles. Almost everywhere the left side of the skull seems 
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to have been the most common site of operation. This may have been 
associated with warfare and the delivery of blows to the head by 
right-handed adversaries. In a series of 112 operations studied by 
the writer in the Tello collection in the Peabody Ifuseum, -lb.2 percent 
are on, or largely on, the left side, as compared with 29,5 percent on, 
or largely on, the right side, and 22.3 percent in the midline. The 
further distribution of these operations is shown in table 2. Accord¬ 
ing to these findings, the front of the skull received moat attention. 
Again, this would be an area vulnerable in warfare. 


Table 2.—Xhtfnimiion of Irephine opening* in Peruvian tkulU (Ttlto eolitcUon, 
Peabody Museum, Harvard Univertily) 


Niimhr Of Mil 


26 1 ! 

9 


Frontal area* 

Frontal boese- ---------- 

C roast ng right coronal suture.- - 

Region of bregma,- . - ■ 

Crossing left coronal suture _. - ------ — 1 - 

Extending from frontal to temporal, - - -- - - -- ^ 

Parietal area-' _, 

Right parietal bone- --" ® 

Crossing sagittal suture-- ——. 

Left parietal - --—■- 18 

Extending from parietal to temporal. * ^ 

Occipital arta; 


Pncmtafi 


&S.6 


35. d 


15. 


S3, i 


Occipital bone— -—- 

Crossing right lambdold stiturs— —— * 

Region of l*mbda__.~—------. "J 

Crossing left lambdaid suture. 

Extending from occipital to temporal, _ _—, ^ 

Total,, __—-— 

If the Ancient surgeons knew of the danger of hemorrhage from 
entering the sagittal and transverse venous sinuses, table 2 shows 
that they were not deterred from cutting through the bone in these 
areas (sea also pi. 1). Neither were they deterred by the danger of 
infection from operating on the frontal sinuses, Althoug i opera ions 
at this point are not very common. Hoodie (1929) dlustraUs some 
cases aid there is another in the United States National Umm 
collection (No. 293705, Cinco Cerros). In the latter a fracture ha 
involved some of the facial bones and the frontal bone above tlie right 
orbit. In making a trephine opening above the right orbit P^aby 
the frontal sinus was encountered. Be tins as 11 ™ a F* * ° re \ ? 

finally took place there was extensive scarring of the accessory na 

sinuses from infection + „ 

A word should be said about the efforts of the Peruvian surgeons 
in some cases to follow outlines of fracture. There is a remarkable 
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example of this in the TeJIo collection, Peabody Museum (identified 
simply by the letter “A,” but probably in the LI. series), consisting 
of a mummified head which had received a large comminuted fracture 
on the left side of the occiput. Apparently the surgeon had taken 
out the loose pieces of bone, leaving an irregular hole 46 mm. long 
and 31 mm. wide. Then he had followed one of the fracture lines 
forward to the coronal suture, turning back the soft parts and clean¬ 
ing the bone (as evidenced by the still displaced tissues and by 
scratches on the bone). This was bold surgery. Had the patient 
lived, his skull would have shown widespread scarring. 

Piggott (1040, p. 122) says that in Europe “there . . . appears 
little evidence for any regional predilection.” However, he notes 
that “The commonest region trepanned seems the parietal, and there 
is perhaps a tendency for the left side to be preferred” (p. 123). Ho 
adds that “there is a curiously high proportion of frontal operations 
in the Czechoslovak group and it occurs again at Grydejoj in Den¬ 
mark” (pp. 122-123). 

In Melanesia the frontal bone seems to have been the site of elec¬ 
tion for the prophylactic operations made in infancy (Ford, 1937}. 
So far as adults are concerned, the distribution of sites may well 
follow the Peruvian pattern, since in both places most of the skull 
fractures were received in warfare. 

OUTCOME OF OPERATION 

It should be clear from what lias been said, as well as from the 
illustrations given, that trephining was practiced in ancient times, 
and recently by peoples in a primitive stage of culture, with a con¬ 
siderable degree of success. Fairly reliable data on this subject are 
available for Peru, owing to the large number of specimens that have 
been assembled from there. For example, by combining the 214 
operations seen by the writer in the collections of the U. S. National 
Museum, the American Museum of Natural History, and the Peabody 
Museum, 55.6 percent show complete healing, 16.4 percent beginning 
healing, and 28 percent no healing. Others have reported similar 
figures (Stewart, 1050). 

For the Neolithic period of Europe Piggott (1940, p. 122) says 
simply that— 

the proportion of wu-rtvals from this operation . , , U extremely high, as is 
evidenced by skulls shoving the healthy growth of new bone around the edges 
of the opening, nor le It unusual for one skull to exhibit evidence of two or 
more operation* all with healed edges. 

Cases of repeated successful operations on the same individual are 
known also from Melanesia. For this area Ford appears to subscribe 
to the high estimates of recoveries given, by several authors. One 
figure he mentions is “about 80 percent,” and here emphasis is placed 
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Head of a Peruvian mummy with n large irephine opening: in tf»e left pHrittfrocdpHal 
region made by the drilling technique. The □ petting is ^7 nun,, long arid mm. wide 
and thite. may be the largest on record made in ihU way. llic scalp has been lumed 
back to rxp..‘-i- tilt opening; il appears lu ha ire bee I a cut inin dure or four Haps b} r^i Ji J-t ine 
incisions. Mu see de PHomme Ko, 79-1 Z2, ttcucabamba, Piedri Grande. (Pbol&gtjiph 
courtsjr o i Henri V- Valiaii.) 
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Upptr: Circular opening in left lldc of Cranta] bone of hkulE Xlt EM *55 from FkiUtuiary 
Bay h British CdumbU-Washington, described by Smith (J934)^ Z#hw Ova! opening 
(partly broken a wav) in right parietal of skull XIHM556 from like Same source, (Pbotd- 
gr*phi courtesy of NatxonAt Museum of Canada.) 
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Plate 5 
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Plate 6 




ppff: Phi>tomjcriwraph of portion of edge of oval opening in tkiiW XH-B-1556 from 
Boundary Itey, British Col limbi a-Vt ashinglon- "Hii-E portion of the opening ii located 
‘" lt Li '' U ?^ f the vie* in p]jiie 4 P lower. Note open diploe and iEriationfton outer 

table. Lo-Cfr; Pklomic^rapri of another part of the d|K in [lie same opening. This 
pnrHon of Enc opening h Elated at the rop of llle view in plate #, low^r, fto« open 
□ ipli'e and stnation* in triplicate sLLgg£*tivc of rodent tooth mark?. (Photograph courteiv 
of National Muieutn of Canada,) 
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cRS£sJr , iSS'3 , t# , «s^s 

of Vancouver.) 




Plate, k 




Lppfr: PhotHnniicrc^iiph of a Lirm of ihe cJl;e of rise smaller opening in &kull No. 33 
fttiin Ebkimc, Rrhi^ Cottisnbja. Note cut ninth. Letter: Pbomimcjo^ipij of the 
iurter Hiarhtcc At die right-inferior edge • *f the tarper npeninp in Eke same: sku3J L Note 
dial dte inner Nine Kmizunv hit* been obliterated hy tliC healing pitietu. (Photopplu 
Ctfui-Ecfly of City of Vancouver) 
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Plate 9 



st j iiu *■*» »fu*i° f 

Lar area trouei tafiltal *U«l« dUmMHMiiFcd area of Ditnll* has «®W 

LI 9 r ) /,ffJW fr/fv Adult fiwlc. ’ ^r° x - p r ■. £ , /f r[ -k; Adult male. PUtt&nd- 

tabic of bone duffed off, lSv ‘ ^^ ie J^' D pcnLnv and iningular area edwd with bo- 
»h4[M?d iff a of Sfjrfini, ^ ([>lb rail. No. Cl IJ (FhottigraFli* ««rt«y 

giiuung Dtlcitit luntjupda Ini* dpraiB£. i 
of PcjmmlIv Museum, Harvard Lfltvcrli T J 
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PLATS 10 



S'LuLts shotting evidence of SUruical opening through scalp and Ixjne, £ pprr If ft; Ado-les- 
cflnt mate. Rectangular area of discoloration in edged with beginning osfcrit]*. (TeLte 
colL No. A 7.) Upper right: Adult female Rectangular area of discoloration h edged 
With beginning nstclEU. {Telia coll, No< SaL S.) Lmerr lift , + Adult mate, Large 
angular area of bleach mu surrounds opening. {TeBo colL No, P 14.J Jjomer right: 
Aduk mate, Diamond-Shaped irra of scarring surround 4 eaeh open Eng. (TeHo colL 
No. H 41A (Photograph J courtesy of Peabody Museum h Harvard L 1 Diversity,) 
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OH the fact that the deaths were from the original injuries and not 
from complications after the operations. This amount of success may 
well be exaggerated, but it was certainly good enough to perpetuate 
the custom. 

CONCLUDING STATEMENT 

In this review of our present knowledge of Stone Ago skull sur¬ 
gery many details necessarily have been omitted. Yet enough facts 
have been presented to show that a great deaf has been learned about 
this subject since Squier returned from Cusco with the first example 
of primitive trephining. Indeed, by its bulk this knowledge tends 
to create the impression that skull surgery was all of primitive sur¬ 
gery. That this is not true will be seen by referring to Aekerknecht s 
(1047) review of primitive surgery ?is a whole- Yet the fact remains 
that more is known about Stone Age man's operations on the skull 
than on any other part of the body. Piggott (IS>40 ? p. 114) explains 
this situation as follows: 

[the] apparent Isolation [of trephlnEtig] In the prehistory of surgery nmj he 
entirely accidental, due to the fact that the askull alone occupies a virtually 
exuvkdetul position in relation to a vital organ, nod En cotnetmence any opera¬ 
tional approach to the brain must be made through the hone of the skull—on 
enduring substance la the archaeological record- 

Our laiowledge of early operations on the skull tends also to give 
the impression that the primitive surgeon was more (laving in his 
approach to the brain than the modern surgeon. I his impression is 
minimized by considerations which again have been nicely stated 
by Piggott (p. 114) : 

The trepidation with which we approach the cerebral operation today U 
conditioned bj our realisation of the orerwhdmlaf importance of the brnEn 
In the vertebrate anatomy, a face but dimly appreciated netII comparatively 
recent time*. It was not so Ion* ago that, in bOEb popular and professional 
regard* the heart was the seat of courage the spices of as^er, and that [he 
salient mental characteristics of the Individual were located In the various 
viscera. Email wonder if prehistoric man approached trepanning In ibe earns 
matter-of-fact way and ui*m n similar mLsconception as to the Localisation 
of physiological activities. 
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